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PEEFACE  TO  SECOND  EDITION. 


I  HAVE  endeavoured  in  this  Second  Edition  of  the 
Student's  Manual  to  come  a  little  closer  to  my  original 
conception  than  I  waa  able  to  do  in  the  first. 

I  have  to  renew  my  acknowledgments  to  my 
colleague  Dr.  W.  K.  Sullivan  for  assistance  in  the  part 
devoted  to  Chemistry  and  Mineralogy.  Since  that 
part  waa  printed  off,  the  Glossary  of  Mineralogy  by 
another  old  colleague,  Mr.  W.  H.  Bristow,  haa  been 
published,  a  little  work  which  the  student  will  find 
most  useful  to  him.  Its  late  appearance  prevented 
me  firom  availing  myself  of  it  except  in  the  compila- 
tion of  the  index. 

In  the  other  portions  of  the  part  which  is  entitled 
Geognosy  I  have  tried  to  improve  the  arrangement  in 
some  places,  and  in  others  have  introduced  some  new 
matter,  such  as  the  chapter  on  Orography.  The  part 
relating  to  mineral  veins  and  mining  has  been  kindly 
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looked  over  by  my  old  colleague  Mr.  Warington  W. 
Smyth. 

An  interesting  and  instructive  work  on  the  lead 
mines  of  the  Alston  Moor  district,  entitled,  "  The  Laws 
which  regulate  the  deposition  of  Lead  Ore,"  has  since 
been  published  by  Mr.  W.  Wallace,  which  the  student 
will  find  an  important  contribution  to  our  knowledge 
of  this  subject,  and  one  directing  his  attention  into 
what  I  believe  to  be  the  right  direction. 

My  colleague  Professor  Huxley  has  again  afibrded 
me  his  valuable  help  in  the  classification  of  the 
Animal  Kingdom,  and  I  am  also  indebted  to  the  books 
and  the  advice  of  Professor  Rcay  Greene  on  this  part 
of  the  subject. 

By  the  lil^erality  of  the  publishers  I  have  been 
enabled  to  take  advantage  of  the  presence  of  Mr. 
W.  H.  Baily  in  Dublin,  who  compiled  for  me  lists  of 
characteristic  fossils,  which,  with  some  modifications, 
are  those  given  in  the  third  part  of  the  work.  Mr. 
Baily  also  drew  on  the  wood  the  figures  which  make 
the  fifty  "  fossil  groups "  by  which  that  part  is  illus- 
trated. To  the  names  of  the  fossils  which  are  not 
figured  in  them,  I  have  appended  references  to  figures 
in  other  works,  choosing,  where  I  could,  the  most  popu- 
lar books,  such  as  Lyell's  and  Phillips's  Manuals,  and 
the  Tabular  View  of  Characteristic  British  Fossils  pub- 
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lished  by  the  Christian  Knowledge  Society ;  but  where 
no  figures  exist  in  such  works,  I  have  referred  to  more 
recondite  sources,  such  as  the  publications  of  the 
Palaeontographical  Society,  Sowerby's  Mineral  Con- 
chology.  Sir  R  I.  Murchison's  Siluria^  and  others. 
Morris's  Catalogue  of  British  FossUs  has  necessarily 
been  my  chief  guide  in  selecting  these  references  with 
respect  to  all  Post-Silurian  fossils,  the  catalogue  by 
Morris  and  Salter  in  the  last  edition  of  "Siluria" 
taking  its  place  for  those  of  the  previous  periods. 

I  am  indebted  to  my  colleague  Mr.  G.  V.  Du 
Noyer  for  some  sketches,  and  for  the  drawing  of 
some  of  the  diagrams,  Imt  most  of  the  latter  were 
<lraAvn  by  myself,  which  will  in  great  measure  account 
for  the  roughness  of  their  execution.  This  rough- 
ness, however,  is  not  altogether  imdesigned,  since 
I  wished  to  make  them  just  such  figures  as  a  lecturer 
would  draw  on  his  black  board,  and  not  to  lead  the 
student  to  believe  fi'om  any  care  discernible  in  the 
drawings,  that  they  were  intended  for  actual  repre- 
sentations of  existing  objects.  A  diagram  is  merely  a 
c>ondensed  explanation  adcbessed  to  the  mind  through 
the  eye,  instead  of  through  the  ear.  If  it  is  in- 
tellipril)le,  and  assists  the  verbal  description,  it  answers 
its  puqjose ;  it  is  a  mistake  to  endtjavour  to  convert 
it  into  a  picture,  and  it  is  bettor  to  avoid  anything 
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calculated  to  mislead  the  mind  into  the  supposition 
that  it  would  have  been  one  if  the  draughtsman  could 
have  made  it  one. 

In  drawing  up  the  Index  I  have  followed  the 
example  of  Professor  Owen  in  the  index  to  the  second 
edition  of  his  Paloeontology,  and  given  the  explanation 
of  words  derived  from  the  Latin  and  Greek.  I  have 
also  marked  the  pronunciation  of  such  words  as  could 
possibly  require  it,  by  means  of  the  long  (-)  and 
short  (w)  marks  commonly  used  to  denote  the  quantity 
of  vowels. 

In  a  science  of  pure  observation  like  Geology,  in 
which  the  facts  to  be  observed  are  of  so  many  dif- 
ferent kinds,  and  where  so  many  observers  are  at 
work  all  over  the  world,  constant  progress  must 
necessarily  be  made,  as  well  as  continual  correction 
and  improvement. 

Any  one,  therefore,  who  endeavours  to  give  even 
so  slight  and  general  a  sketch  of  it  as  is  contained  in 
this  Manual,  will  not  only  find  that  much  change  has 
taken  place  in  it  in  the  interval  between  the  renewal 
of  his  attempts,  but  that  some,  perhaps  important, 
alterations  are  going  on  while  he  is  in  the  very  act  of 
writing. 

The  student,  however,  will  find,  I  hope,  no  im- 
portant part  of  the  science  entirely  neglected  in  the 
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work  now  placed  before  him,  and  something  in  each 
part  that  may  serve  to  lay  the  foundation  of  his 
future  studies. 

I  beg  leave  to  add  Hiat  mj  criticisms  which  serve 
to  correct  errors  wiU  always  be  taken  as  favours, 
whether  publicly  or  privately  made.  I  have  dis- 
covered some  mistakes  myself  while  going  over  the 
work  for  the  purpose  of  compiling  the  index,  and 
pointed  th^n  out  in  the  "errata."  Others  probably 
exist  which  have  escaped  my  eye,  independently  of 
those  arising  from  imperfect  knowledge,  or  from  in- 
correct views. 

J.  BEETE  JUKES. 


CONTENTS. 


Introduction 


1 


PART  I. 

GEOGNOSY. 

« 

SECTION  L— LrmOLOGY. 

CHAPTER  I. — Chemistry  and  Mineralogy 

] .  Laws  of  Composition. — A.  Simple  bodies ;  Table  of  Simple  Bodies. 
B.  Compocmd  Substances ;  B  1 .  Primary  Oompoonds ;  Acids 
and  Bases ;  B  2.  Secondary  componnds  or  Salts.  Salt  radicle 
Theory ;  Relation  of  Oxygon  in  Base  to  that  in  Acid ;  Formation 
of  Silicates. — 2.  Laws  of  Form ;  Axes  of  Crystals ;  Systems  of 
Crystals ;  Isomorphism,  Dimorphism,  and  AUotropism. 


11 


CHAPTER  IL — RocK-PORMiNG  Minerals      ....        29 

Table  of  simple  substances  which  enter  into  their  composition  ;  Table 
of  Primary  compounds  which  enter  into  their  composition; 
Minerals  formed  of  simple  substances ;  Minerals  formed  of  Pri> 
mary  compounds ;  Minerals  formed  of  Secondary  compounds,  or 
Salts,  Carbonates,  Sulphates,  Silicates ;  Summary  of  Silicated 
Minerals. 

CHAPTER  UI. — Origin,  Classification,  and  Determination  op 

Rocks 50 

Bock  defined.  —  Crystallization ;  Chemical  Rocks ;  Paragenesis  of 
Minerals ;  Mechanical  Bocks ;  Organic  Rocks ;  Mixtures  ;  Stra- 
tified Rocks ;  Unstratified,  Eruptiye,  and  Intrnsivo  Rocks  ;  Meta- 
morphic  Rocks  ;  Four  great  classes  of  rocks. — Determination 
of  rocks ;  of  Compact  Rocks ;  of  Granular  Rocks ;  of  Crystalline 
Bocks ;  of  Platy  Bocks ;  of  Metamorphic  Rocks. 


XU  CONTENTS. 

Pagk 

CHAPTER  IV. — Igneous  Rocks 57 

Classification  according  to  Composition ;  Classification  according  to 
circnmstanccs  of  formation.  Varieties — Amygdaloid  ;  Porphyry. 
Volcanic  Rocks  or  Lavas — Trachytic  and  Doleritic';  Ashes.  Trap- 
pean  Rocks  —  Felstones  and  Greenstones;  Ashes.  Granitic 
Rocks.  Traps  and  Granites  the  roots  of  Volcanoes;  Granite 
passing  into  Trap  ;  8orby*s  Observations  on  Crystals ;  Contrac- 
tion of  Igneons  Rocks  on  cooling. 

CHAPTER  V. — ^Aqueous  Rocks  Mechanically  Formed         .        98 

Preliminary  remarks  on  their  origin ; — ^The  Sea ;  All  Clifis,  &c.,  formed 
by  Erosive  Action  ;  Rain  ;  Landslips ;  Ice  and  Snow  ;  Glaciers  ; 
Icebergs  ;  River  Valleys ;  Actiop  of  Rivers ;  Difference  between 
Action  of  Rivers  and  that  of  Sea  ;  Motive  powers  of  Water ; 
Amount  of  matter  transported  by  rivers  ;  Formation  of  Deltas ; 
Transport  of  Matter  by  Ocean  ;  Results.  Description  of  mechani- 
cally formed  Rocks ;  Conglomerates ;  Sandstones ;  Clays. 

CHAPTER  VI. — Aqueous  Rocks  CHEancALLY  and  Organically 

Formed 124 

Preliminary  observations  on  their  origin ; — Carbonate  of  Lime ;  Car- 
bonic Acid  Gas  in  water  ;  Carbonate  of  Lime  in  fresh  water — in 
sea ;  Formation  of  Limestone  in  fresh  water — in  sea  ;  Sea  bot- 
toms ;  Coral  reefs ;  Formation  of  Silica  in  sea ;  Carbonate  of 
Magnesia ;  Sulphate  of  Lime  and  Rock  Salt  in  sea ;  Com- 
position of  sea  water ;  Carbon ;  Composition  of  Carbonaceous 
Substances ;  Transformation  of  Vegetable  Matter  into  Coal. 
Description  of  chemically  and  organically  formed  Aqueous 
Rocks ;  Limestones ;  Flint  and  Chert ;  Magnesian  Limestone  ; 
Gypsum  ;  Rock  Salt ;  Coals. 

CHAPTER  Vn.— Aerial  Rocks 154 

Sand  Dunes ;  Calcareous  blown  sand ;  Sands  of  Deserts ;  Tuffs  of 
Terrestrial  Ashes ;  Soils. 

CHAPTER  Vm.—METAMORPHic  Rocks         .        .        .        .156 

Preliminary  observations ; — Concretions  ;  Ironstone  Balls  and  Sep- 
taria;  Nodules;  Metamorphic  actions;  Pressure;  Heat;  Heat 


CONTENTS.  xiii 

Page 
and  Water ;  Weatbering  of  Rocks ;  Formation  of  Pseadomorphs ; 

Petrifaction  ;  Method  of  Pseudomorphic  Action  ;  Metamorphosis 
bj  water  at  ordinary  Temperatures ;  Metamorphosis  by  Hot  Water 
or  Steam  ;  Metamorphosis  by  Dry  Heat,  and  by  Heat  whether 
with  or  without  Water ;  Frequent  appearance  of  Mica.  Descrip- 
tion of  the  Metamorphic  Bocks ;  Altered  Sandstone,  Clay  and 
Limestone ;  Mica  Schist ;  Gneiss.  Passage  of  Metamorphic 
into  Igneous  Bock ;  Metamorphic  Igneous  Bocks. 
Tabulab  Clabsificatioh  of  Bocks. 


SECTION  IL— PETROLOGY. 

CHAPTER  IX. — ^Formation  OP  Rock  Beds    .        .        .        .177 

Lamination  and  Stratification ;  Extent  and  Termination  of  Beds ; 
Relation  between  the  extent  and  composition  of  a  Bed;  Irregular 
and  oblique  Lamination  and  Stratification ;  Current  mark  or 
ripple ;  Contemporaneous  Erosion  and  filling  up ;  Contemporaneity 
of  Beds  on  same  horizon ;  Interstratification  ;  Association  and 
alternation  of  Beds ;  Included  groups  of  beds  (Inlier) ;  Lateral 
changes  in  the  lithological  characters  of  beds ;  Nomenclature  of 
groups  of  beds ;  The  lateral  and  vertical  changes  in  groups  of 
beds  are  tho  natural  result  of  their  mode  of  formation. 


CHAPTER  X. — Joints,  Formation  of  Rock  Blocks       .        .       207 

Cuboidal  or  Quadrangular  Joints ; — Joints  in  Limestone  ;  Joints  in 
Granite  ;  Master  Joints  ;  Open  and  Close  Joints ;  Successive  for- 
mation of  Joints ;  Joints  in  Burren,  County  Clare  :  Face,  Slyne,  or 
Cleat  in  Coal;  Art  of  Quarrying. — Prismatic  Joints ;  Articulated 
columns  in  Basalt  and  other  Igneous  Rocks.  Cause  of  Joint 
Structure ;  Surface  exhibition  of  Joints ;  Natural  erosion  of 
rocks  in  consequence  of  Joints. 

CHAPTER  XL — ^Movements  of  Disturbance  in  the  Earth's 

Crust ...       221 

Form  of  the  Earth  ;  Stability  of  the  Earth's  Axis  ;  Internal  tempera- 
ture of  the  Earth  ;  Question  as  to  fluidity  of  central  part  of  globe  ; 
Exciting  causes  of  disturbing  action  on  Earth's  Crust ;  To  pro- 
duce a  pcnaanent  change  of  relative  level  between  the  surface  of 


XIV  CONTENTS. 

Pa 
Uod  And  lea,  the  lolid  part  of  the  Earth^s  Crast  must  move  first ; 
Motion  in  rocks  proved  bj  inclination  of  Beds ;  Motion  of  Earth*8 
Cmst  doring  recent  times ;  Depression  proved  bj  Coral  Beefs ; 
Two  modes  of  Action  in  forces  of  Disturbance. 

ftllAVTFM  XII. — Inclination  op  Beds         ....       22 

l>ip  and  Strike  of  Beds ;  Geological  Section  and  Map ;  Contortions  ; 
Anticlinal  and  Synclinal  Curves ;  Uniclinal  Curves ;  Inversion 
of  beds ;  Artesian  Wells. 

r'HAITEB  XIIL — Faults  or  Dislocations  .        .        .        .       2- 

Tlirow  of  a  Fault ;  Varieties  of  Faults ;  Variation  in  Faults  from 
nature  of  rocks  traversed ;  Variation  of  Faults  in  effect  according 
U)  inclination  of  Beds  traversed  ;  Single  and  Compound  Faults  ; 
lielation  between  the  inclination  of  a  Fault  and  the  direction  of 
its  Throw;  Trough  Faults;  Lateral  Pressure;  Connection  be- 
tween Faults  and  Contortions  ;  Vertical  extension  of  Faults ; 
Connection  between  Intrusion  of  Igneous  Rocks  and  Produc- 
tion of  Faults. 

(JHAl'TER  XIV. — Cleavage  and  Foliation  ...       2 

Slaty  Cleavage ;  Direction  of  Cleavage  Planes ;  Origin  of  Cleavage ; 
Time  of  production  of  Cleavage  ;  Surface  disturbance  of  Cleav- 
age.— Foliation  ;  Mr.  Darwin's  observations  on  Foliation  in 
South  America ;  Difference  between  Cleavage  and  Foliation ; 
Cleaved  and  Foliated  Bocks  of  the  Leinster  district ;  Belations 
between  Gneiss  and  Granite. 

CHAPTEB  XV.— Denudation 2 

Denudation  already  tacitly  assumed ;  Amount  of  Erosion  must  be  at 
least  as  great  as  that  of  Deposition ;  Denudation  is  the  production 
of  successive  New  Surfaces ;  Two  kinds  of  Hills ;  Hills  of  simple 
circumdenudation ;  Hills  of  Uptilting ;  Valleys,  Glens,  and  Bavines 
always  caused  by  Denudation ;  Action  of  Denudation  proved  by  ' 
outcrop  of  bedsi  by  escarpments,  and  by  oultiers ;  Instances  of 
Denudation  in  the  South  of  Ireland ;  The  Slievnamuck  Fault ; 
General  Btmoture  of  the  South  of  Ireland ;  Plains  caused  by 


CONTENTS.  XV 

Page 


Denadation ;  Inconceivable  time  required  for  action  of  denuding 
forces ;  Atmospheric  Denudation,  as  shewn  in  the  vallej  of  the 
Moselle  and  other  rivers ;  Different  periods  of  denuding  action. 


CHAPTER  XVL — Unconformability  and  Overlap  293 

rnconfbrmability  arises  from  a  surface  of  Denudation  having  been 
formed  on  one  set  of  beds  before  the  deposition  of  another  set ; 
When  the  base  of  one  set  of  beds  rests  in  different  places  on  differ- 
ent parts  of  another  set  of  beds,  the  two  sets  are  unconformable  to 
each  other ;  Successive  unconformabilities  in  South  of  Ireland  ; 
Denudation  involves  existence  of  dry  land,  Unconformability  that 
of  subsequent  depression ;  Practical  importance  of  the  subject. 
Overlap ;  The  Geological  Structure  of  the  County  of  Dublin  ex- 
plained as  an  example  of  these  structures. 


CHAPTER  XVIL— The  Granitic  or  Hypogenous  Rocks  307 

Fundamental  Granite ;  Primaeval  Granite  or  Primitive  Rocks  not 
known  anywhere  to  exist ;  Position  and  form  of  Ghranite ;  Granite 
more  likely  to  be  associated  with  older  than  newer  rockp,  from  its 
source  being  in  interior  of  earth  ;  Relative  age  of  granite  masses, 
as  proved  by  that  of  their  Denudation  ;  Granite  Veins  ;  Apparent 
interstratification  of  Granite  and  Mica  Schist ;  Original  irregu- 
larities in  surface  of  deep-seated  mass  of  Granite,  and  varied  ap- 
pearances shewn  by  varied  denudation. 


CHAPTER  XVia—TRAPPEAN  Rocks   .  .        .       320 

Form  and  mode  of  occurrence  of  Trap  Rocks ;  Distinction  between 
Contemporaneous  and  Intrusive  Trap ;  the  Traps  and  Ashes  of 
the  Lower  Silurian  Rocks  of  North  Wales ;  the  Trap  district  of 
the  Limerick  Basin ;  Association  of  Felstone  and  Greenstone ; 
Trap  Dykes  and  Veins  ;  Plateaux  of  Basalt. 


CHAPTER  XDL— Volcanic  Rocks 332 

Form  and  mode  of  occurrence  of  Volcanic  Rocks ;  supposed  Craters  of 
Elevation ;  Peak  of  Teneriffe ;  Island  of  St.  Paul ;  Crater  of  the 
Bromo ;  Dykes  and  Veins  of  Lava ;  Association  of  Trachytes 
•  and  Dolerites ;  Exciting  causes  of  Volcanic  Eruptions. 


XVI  CONTENTS. 


Paoc 


CHAPTER  XX. — Oboorafht  ;  or,  the  Structubb  and  OaiaiN 

OF  Mountains 344 

Relations  between  the  intrnsion  of  Igneooa  Rock  and  the  elevation  of 
Stratified  Rocks ;  Steep  inclinations  never  communicated  to  Beds 
by  disturbance  acting  near  the  surface ;  Mountains  are  of  three 
kinds — of  Circumdenudation,  of  Uptilting,  and  of  Ejection; 
Valleys  are  of  one  kind  only;  IntercoUine  spaces;  M  £.  de 
Beaumont's  Theory  of  the  ParaUelism  of  Mountain  Chains. 

CHAPTER  XXL— Mineral  Veins 356 

Metallic  Ores  in  Beds ;  Pipe  Veins ;  True  Lodes  or  Mineral  Veins  ; 
Mode  of  Deposition  of  Minerals  in  Veins ;  Occurrence  of  Gold ; 
Association  of  Minerals  in  Veins  ;  Relations  between  contents  of 
Vein  and  nature  of  surrounding  Rock ;  Fallacious  appearance  of 
connection  between  ago  of  Rock,  or  igneous  origin  of  Rock  and 
occurrence  of  Mineral  Veins ;  North  of  England  a  better  district 
for  study  of  Mineral  Veins  than  Cornwall. 

CHAPTER  XXII.— The  Art  of  Mining      ....        367 
Bed  Mining ;  Vein  Mining ;  Explanation  of  some  Mining  Terms. 


PART  IL 
PALEONTOLOGY. 

CHAPTER  XXEL- Zoology  and  Botany    .        .        .        .         373 

Definition ;  Petrifaction ;  Classification  of  the  Animal  and  Vegetable 
Kingdoms;  Distribution  of  Animals  and  Plants;  Land  and 
Ocean  Climates ;  Various  degrees  of  Climate  influence ;  Food  to 
be  included  in  Climate ;  Destruction,  partial  or  entire,  of  species 
of  Plants  and  Animals ;  Sporadic  origin  of  Species ;  Examples  of 
the  geographical  limitation  of  Animal  Species,  as  proving  their 
sporadic  origin  ;  Generic  centres  and  districts ;  Breaking  up  of 
specific  and  generic  Areas  byfgeological  changes. 

CHAPTER  XXrV. — ^The  Laws  and  Generalizations  of  PALiK- 

ONTOLOGY 400 

The  kinds  of  Animals  and  Plants  most  likely  to  occur  Fossil ;  Number 
of  British  Fossil  Animals  and  Plants  oompared  with  existing 


CONTENTS.  XVll 

Page 
BritiBh  species ;  The  modes  of  ocourrence  of  Fossils ;  The  geogra- 
phical distribution  of  Species  in  past  time ;  Difficulty  in  deter- 
mining  the  contemporaneity  of  distant  formations ;  Barrande*8 
Colonies ;  Necessity  for  settling  the  chronological  classification  of 
each  large  Area  separately,  before  forming  one  for  the  whole 
Earth ;  Classification  of  groups  of  Beds  by  means  of  their  Fossil 
contents ;  Law  of  approximation  to  living  forms ;  Duration  of 
Species  proportionate  to  their  place  in  the  scale  of  existence ; 
Forms  once  extinct  never  reappear. 

(CHAPTER  XXV. — Subject  Continued         .        .        .        .         414 

Supposed  sudden  destruction  and  sudden  introduction  of  assemblages 
of  Species  a  mistake  ;  Untrustworthiness  of  negative  evidence  in 
Palaeontological  speculations ;  On  the  Origin  of  Species  ;  Changes 
of  Climate ;  Practical  importance  of  Fossils. 


PART  III. 

HISTORY  OF  THE  FORMATION  OF  THE  CRUST 

OF  THE  EARTH. 

CHAPTER  XXVI. — PALfiozoic  Epoch — PRiE-CAMBRiAN   and 

Cambrian  Periods 425 

Chronological  Nomenclature ;  Table  of  Geological  Time. — Primary  or 
Palceozoic  Epoch. — Prae-Cambrian  Periods. — Cambrian  Period  ; 
Typical  Rocks  and  Characteristic  Fossils  of  British  Islands ; 
Foreign  do. ;  Life  of  the  Period. 

CHAPTER  XXVII. — Lower  (or  Cambro-)  Silurian  Period  .         441 

Typical  liocks  and  Characteristic  Fossils  of  the  British  Inlands ; 
Foreign  do.     Life  of  the  Period. 

CHAPTER  XXVIIL— Upper  Silurian  Period     .         .         .         46f; 

Typical  Rocks  and  Characteristic  Fossils  of  British  and  Foreign 
Localities.    Life  of  the  Period. 

CHAPTER  XXDC— Devonian  Period  .        .        .  491 

Old  Red  Sandstone  of  British  Islands,  and  characteristic  Fossils. 
Rocks  of  Devon  and  Cornwall,  and  characteristic  Fossils  ;  Rocks 
of  Belgium  and  North  America.    Life  of  the  Period. 

a2 


XVlll  CONTENTS. 

Paos 

CHAPTER  XXX.— CARB02IIFEB0US  Period  ...         506 

Typical  Rock  Groaps  of  Ireland ;  Do.  of  Great  Britain ;  Igneous 
Rocks  associated  with  them ;  Characteristic  Carboniferous 
Fossils ;  Foreign  Carboniferous  Rocks.    Life  of  the  Period. 

CHAPTER  XXXI.— Permian  Period 541 

Typical  Rocks  of  Russia  and  Germany ;  of  Durham,  and  characteris- 
tic Fossils ;  of  Midland  Counties  of  England ;  of  Ireland  and 
Scotland.    Life  of  the  Period. 

Gaps  in  tbx  Palaeozoic  Series. 

CHAPTER  XXXIL— Secondary  or  Mesozoic  Epoch — Tri- 

A88IC,  OR  New  Red  Sandstone  Period       .        .         .         549 

Typical  Rocks  and  characteristic  Fossils  of  Germany,  etc.  *,  of  Great 
Britain ;  Kboetic  Beds ;  Lie  and  position  of  the  New  Red  Sand- 
stone of  the  British  Islai^ds.    Life  of  the  Period. 

CHAPTER  XXXIIL— Ck)LiTic  or  Jurassic  Period        .         .         562 

Typical  Groups  of  Rock  and  their  characteristic  Fossils  ;  Lias  and 
Lower  Oolites  of  South  of  England  ;  Lower  Oolites  of  Yorkshire ; 
Oxford,  or  Middle  Oolites ;  Portland,  or  Upper  Oolites.  Oolitic 
Rocks  of  Scotland  and  Ireland;  of  the  Jura  mountains;  of 
other  parts  of  the  world.    Life  of  the  Period. 

CHAPTER  XXXIV.— Cretaceous  Period    ....  602 

Typical  Rocks  and  characteristic  Fossils  of  the  British  Area;  Macstricht 
and  Pisolitic  Chalk ;  Outlying  English  deposits ;  Lie  and  posi- 
tion of  the  Cretaceous  Rocks  in  England  ;  The  Cretaceous  Rocks 
of  Ireland ;  of  Switzerland ;  of  North  America ;  of  South  America ; 
of  India.    Life  of  the  Period. 

CHAPTER  XXXV.  —  Tertiary,    or    Cainozoic    Epoch  — 

Eocene  Period 633 

Preliminary  observations  on  Nomenclature.  British  Eocaene  Rocks  ; 
Lower  Eocicnc,  and  characteristic  Fossils  ;  Middle  F/)caencs,  and 
characteristic  FossUs ;  Upper  Eocanes,  and  characteristic  Fossils  ; 
Eocwnes  of  France  and  Belgium  ;  of  the  Alps,  Mediterranean, 
India,  and  North  America.     Life  of  the  Period. 


tf*K 


CONTENTS.  xix 

PAliE 

CHAPTER  XXXVL— MEiociENE  Period      ....         658 

Basaltic  fonnations  of  the  Hebrides  and  Antrim  ;  Meiocaene  Beds  and 
Characteristic  Fossils  of  France  and  Belgium,  of  Germany  and 
Switzeriand,  of  Italy,  North  America,  and  India.  Life  of  the 
Period. 

CHAPTER  XXXVIL— PLEioCiEyE  Period     ....         667 

Typical  Groups  of  Rock,  and  Characteristic  Fossils  in  England ;  of 
Antwerp ;  of  Normandy  ;  of  Italy  ;  of  South  Russia. 

CHAPTER  XXXVIIL— PLEiSTOCiENE  Period        .  .         672 

Typical  Groups  of  Rock ;  Norwich  Crag ;  High  Level  Gravels ; 
Glacial  Deposits ;  Boulder  Clay  of  Britain ;  Limestone  Gravel, 
and  erratic  blocks  of  Ireland ;  Glacier  markings  in  Ireland ; 
Pleistocfeno  denudation  not  great ;  Eskers  of  Ireland  * ;  Subse- 
quent elevation  and  widely  spread  plain  ;  Cave  Deposits  ;  Raised 
Beaches ;  Low  Level  Gravels ;  Submarine  Forasts  and  Peat  Bogs ; 
Characteristic  Fossils  of  the  Pleistocaene  Deposits;  Erratic 
Blocks  of  North  Europe,  of  the  Alps,  of  India;  Loess  and 
Lehm  of  the  Bhino  Valley ;  Pleistocrene  Deposits  of  North 
America;  Sicilian  Beds. 

CHAPTER  XXXIX. — Pleioc^ene  and  PLEiSTOCiENE — Life  op 

the  Periods 691 

Animals  of  the  British  and  European  areas  ;  Newer  Tertiary  Fauna  of 
America,  Australia,  etc. ;  Extinct  Animals  of  New  Zealand, 
Madagascar,  etc. ;  Flint  implements  in  the  Drifl  of  the  north-west 
of  France  and  the  south-east  of  England;  Man  contemporary 
with  the  Mammoth  and  other  extinct  animals. 

CHAPTER  XL.— The  Recent  Period  ....         704 

Geological  action  continuous  ;  Antiquity  of  Coral  Reefs ;  Distribution 
of  Volcanoes  ;  The  antiquity  of  Volcanoes ;  Earthquakes  ;  Con- 
clusion. 

Addenda  ET  Corrigenda 710 

Appendix  on  Geological  Surveying 711 

*  I  unfortunately  omitted  to  mention  the  occurrence  of  tliese  gravel  ridges  in  Scotland, 
where  they  are  called  "  Karnes,"  according  to  Mr.  R.  Chambers.  One  was  described  by  Mr. 
MOne  Home  at  the  meeting  of  the  British  Association  in  Manchester  in  tixe  year  1861. 


EEEATA. 


Page  394.  Line  last,  for  ^pyronis,  read  ^pjornis. 
478  and  479,  for  Palaeochoma,  read  PaUeocoma. 
501.  Line  first,  for  perosa,  read  porosa. 
504.  Line  1 1  from  bottom,  for  Proteus,  read  Proetus. 
530  and  536.  For  Bellinums,  read  Belinorus. 

535.  For  Nreggeratbia,  read  Noeggerathia. 

536.  For  Littorina,  read  Litorina. 

536  and  elsewhere.  For  Ceelacanthus,  read  Coelacanthus. 

543.  For  Polycselia,  read  Poljcoalia. 

550.  Line  7,  for  Lilliiformis,  read  Liliiformis. 

560.  Line  12,  for  Lilly,  read  Lily. 

578.  Line  21,  for  CJorraline,  read  Coralline. 

584.  Line  4,  for  argnstns,  read  angnstus. 

594.  Line  13  from  bottom,  for  Astrocienia,  read  Astrocoenia. 

594.  Line  12  from  bottom,  for  Enallohaslia,  read  Enallbclia. 

594.  Line  9  from  bottom,  for  Placospbyllia,  read  Placopbyllia. 

594.  Line  ih.  from  bottom,  for  Pleurocsdnia,  read  Pleuroccenia. 

595.  Line  13,  deile  Galeropygus. 

595.  Line  4  from  bottom,  for  Tetrostemon,  read  Tretostemon. 
599.  Line  28,  for  Copolites,  rec^  Coprolites. 
611.  Line  7,  for  intermedius,  read  attenuatus. 

630  and  elsewhere.  For  termination  csenia,  read  coenia,  as  it  appa- 
rently refers  to  the  common  body,  or  koivov, 
631 .  Line  10  from  bottom,  for  Decretis,  read  Dercetis. 
646  and  649.  For  Lymnssa,  read  Limnoia. 
653.  Line  26,  for  ^tobatis,  read  Aetobatis. 

668.  Among  the  Polyzoa  insert 

Fascicularia  anrantiom ....  Ly.  Man.,  fig.  154. 

669.  From  the  AcHnozoa  remove  Echinocyamas  and  place  it  on  next 

page  under  £ckinodermaia. 


INTKODUCTION. 


is   not  easy  to   give  an  accurate  and  comprehensive  definition 

the  science  of  Geology  ;  for  its  nature  is  so  complex  and  various, 

it  is  difficult,  in  a  few  words,  either  to  specify  its  object  or  to 

its  limits. 

It  is,  indeed,  not  so  much  one  science,  as  the  application  of  all 

fte  physical  sciences  to  the  examination  and  description  of  the 

tecture  of  the  earth,  the  investigation  of  the  processes  concerned 

the  production  of  that  structure,  and  the  history  of  their  action. 

We  might,  perhaps,  without  impropriety,  classify  all  the  phy- 

aeal   sciences   under   two   great  heads,   namely,  Astronomy  and 

Geology.      The  one  would  comprehend  all  those  sciences  which 

teich  us  the  constitution,  the  motions,  the  relative  places,  and  the 

mutual  action  of  the  Astra,  or  heavenly  bodies ;  while  the  other 

angled  out  for  study  the  one  Astrum  on  which  we  live,  namely, 

the  Earth. 

Giving  this  wide  meaning  to  Geology,  it  would  include  all  the 
idences  which  treat  of  the  nature  and  the  distribution  of  the  inor- 
ganic matter  of  our  globe,  as  well  as  those  which  describe  to  us  the 
living  beings  that  inhabit  it.  These  sciences  are — first,  that  of 
I  Chemistry  and  Mineralogy  (which  may  be  called  one),  which 
I  teaches  us  what  are  the  elements  of  which  terrestrial  matter  is  com- 
I  posed,  and  what  are  the  laws  which  govern  the  combinations  of 
!  those  elements  into  all  the  variety  of  known  substances,  solid,  fluid, 
or  gaseous,  and  the  forms,  properties*,  and  qualities  of  those  sub- 
stances ;  secondly,  the  science  of  Meteorology  and  Physical  Geo- 
graphy (which  may  also  be  looked  on  as  one),  which  describes  to 
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US  tlio  form  and  disposition  of  land,  and  water,  and  air,  and  the 
distribution  of  the  temperatures  and  motions  that  affect  them  ;  and 
thirdly,  that  of  Natural  History  (or  Biology,  the  science  of  life), 
including  botany  and  zoology  in  their  widest  signification. 

llio  sciences  commonly  included  under  the  head  of  Physics, 
those  which  teach  us  the  nature  and  laws  of  magnetism,  electricity, 
light,  heat,  force,  and  motion,  would  be  common  ground  to  Geology 
and  Astronomy,  serving  to  bind  together  all  human  knowledge  of 
matter  and  its  laws  into  one  great  whole. 

In  giving  this  high  place  to  Geology,  I  have  no  desire  nndnly 
to  exalt  it  at  the  expense  of  the  other  sciences.  My  object  is  to 
shew  that  this  large  view  of  Geology  is  not  only  a  true,  but  a  neces- 
sary one,  and  that  if  we  do  not  sometimes  look  at  it  from  this  aspect, 
we  cannot  rightly  understand  nor  fully  appreciate  what  Geology  is. 

That  it  is  true,  is  shewn  by  the  veVy  fact  of  tlie  late  appearance 
of  geology  in  the  world  of  science.  It  was  not  till  some  very  con- 
siderable advances  had  been  made  in  all  the  physical  sciences  which 
relate  directly  to  the  earth,  that  geology  could  begin  to  exist  in  any 
worthy  form.  It  was  not  till  the  Chemist  was  able  to  explain  to 
us  the  true  nature  of  the  mineral  substances  of  which  rocks  are 
composed  ;  nor  till  the  Geographer  and  the  Meteorologist  had 
explored  the  surface  of  the  earth,  and  taught  us  the  extent  and  the 
form  of  land  and  water,  and  the  powers  of  winds,  currents,  rains, 
glaciers,  earthquakes,  and  volcanoes ;  nor  till  the  Biologist  (natura- 
list) had  classified,  and  named,  and  accurately  described  the  greater 
part  of  existing  animals  and  plants,  and  explained  to  us  their  phy- 
siological and  anatomical  structure,  and  the  laws  of  their  distribution 
in  space  ; — that  the  Geologist  could,  with  any  chance  of  arriving  at 
sure  and  definite  results,  commence  his  researches  into  the  structure 
and  composition  of  rocks,  and  the  causes  that  produced  them,  or 
utilise  his  discoveries  of  the  remains  of  animals  and  plants  that  are 
enclosed  in  them.  He  could  not  till  then  discriminate  with  cer- 
tainty  between  igneous  and  aqueous  rocks,  or  between  living  and 
extinct  animals,  and  was  therefore  unable  to  lay  down  any  one  of 
the  foundations  on  which  his  own  science  was  to  rest. 
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Neither  would  it  be  satisfactory  if  we  were  to  limit  the  science 
of  Greology  to  any  period  of  the  earth's  history ;  to  assign  to  it,  for 
instance,  all  time  previous  to  the  existence  of  the  human  race,  and 
wei-e  to  unite  all  the  natural  sciences  under  it  up  to  that  time,  but 
then  consider  it  to  be  brought  to  an  end,  or  to  split  up  and  diverge 
into  the  many  independent  sciences  that  concern  our  cotemporary 
existences,  whether  organic  or  inorganic.  For  not  only  is  there  no 
trace  of  any  hard  boundary  line  between  the  human  and  the  pre- 
human period  of  the  earth's  natural  history  ;  but  there  appears  in 
each  one  of  the  separate  natural  sciences  a  perfect  blending  and 
continuity  from  the  remotest  geological  era  to  the  present  time. 
The  present  is  but  a  part  of  the  past.  The  inorganic  objects  we 
see  around  us  are  the  result  of  processes  going  on  in  past  time,  such 
as  are  still  at  work  producing  the  same  results ;  the  living  beings 
around  us  are  either  the  dii'cct  descendants  of  those  that  lived 
formerly,  or  their  substitutes  and  representatives,  the  living  and  the 
extinct  forming  parts  of  one  great  connected  series  and  chain  of 
species,  genera,  and  orders,  each  of  which  parts  would  bo  incom- 
plete without  the  other.  There  is,  therefore,  no  possibiUty  of 
making  any  division  in  geology  such  as  we  are  now  considering  it, 
or  assigning  any  limit  to  its  range  from  the  earliest  period  of  the 
earth's  ascertainable  history  to  the  present  moment. 

Moreover,  as*  there  is  no  natural  science  to  which  the  geologist 
has  not  to  appeal  for  information  upon  some  point  or  other  in  his 
researches,  so  there  is  none  which  can  be  fully  and  completely 
studied  without  the  help  of  the  geologist,  or  without  including 
facts  or  theories  which  are  commonly  and  rightly  reckoned  parts  of 
his  peculiar  intellectual  domain.  If  he  has  to  call  upon  the  pro- 
fessors of  each  one  of  the  physical  sciences  in  turn,  for  assistance  in 
his  own  investigations,  he  is  sure,  sooner  or  later,  to  repay  the 
obligation,  by  the  discovery  of  a  number  of  facts  that  enlarge  the 
boundaries  of  the  science  he  has  applied  to,  or  by  the  statement  of 
many  problems  whose  solution  throws  light  upon  parts  of  it  that 
have  been  hitherto  imperfect  and  obscure. 

The  reader  must  not  infer  from  what  has  been  said,  that  in 


4  INTRODUCTION. 

order  to  be  a  geologist,  he  must  be  thoroughly  acquainted  with  the 
whole  circle  of  the  physical  and  natural  sciences.  Such  uniyeisal 
acquirement  few  men  have  the  power  to  attain  to,  and  of  these 
still  fewer  retain  the  ability  and  the  will  to  make  original  advanoes 
in  any  particular  branch. 

Ko  man,  however,  can  be  a  thorough  geologist  without  being 
acquainted,  to  some  extent,  with  the  general  results  of  other  sciences, 
and  being  able  both  to  understand  them  when  stated  in  plain  un- 
technical  language,  and  to  appreciate  their  application  to  hia  own 
researches.  Such  a  general  acquaintance  involves  neither  profound 
study,  nor  requires  any  great  power  of  mind  above  the  average  of 
human  intellect.  It  is,  indeed,  what  every  well-educated  man 
ought  to  possess. 

The  necessary  preliminary  to  the  science  of  Geology  is  not  the 
possession  of  great  and  accurate  knowledge  of  the  whole  circle  of 
the  natural  sciences  by  any  individual  persons,  but  that  this  know- 
ledge must  exist  somewhere.  Some  man  or  men  must  have  this 
knowledge,  and  must  be  able  to  combine  it,  either  piecemeal  or  at 
once,  yrith  the  special  knowledge  of  the  geologist,  before  the  latter 
can  hope  to  solve  the  many  diiHcult  and  profound  problems  that 
arise  in  the  course  of  his  researches. 

It  may  be  said  with  perfect  truth,  that  the  geologist  is  less  able 
than  any  other  student  of  science  to  pursue  his  investigations  alone, 
and  independently  of  the  assistance  of  others  ;  but  this  is,  in  fact, 
only  saying  in  other  words  that  which  I  am  insisting  on,  namely, 
tliat  geology  in  its  highest  and  widest  sense  embraces  all  the  phy- 
sical and  natural  sciences,  and  is,  as  it  were,  made  up  of  them. 

If,  however,  this  wide  scope  be  properly  given  to  the  term 
geology,  and  it  be  made  to  include  every  physical  science  that 
treats  of  anything  belonging  to  the  earth,  what,  it  may  be  asked,  is 
the  special  business  to  which  the  geologist  devotes  himself  as  dis- 
tinct from  the  follower  of  other  sciences  1  What  is  that  which  he 
does,  and  the  others  do  not  ?  Above  all,  what  is  that  which  he 
teaches  to  the  rest  in  return  for  the  knowledge  communicated  to 
him  ? 
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The  answer  to  these  questions  will  shew  us  that  there  is  another 
and  a  more  restricted  sense  of  the  word  geology  than  the  wide  and 
general  one  in  which  we  have  been  using  it.  This  sense  is  rather 
the  one  formerly  attached  to  the  word  geognosy,  by  which  we  may 
understand  the  knowledge  of  the  nature  and  position  of  the  diffe- 
rent masses  of  earthy  or  mineral  matter  of  which  different  districts 
and  countries  are  composed,  without  reference  to  the  history  of 
their  production.  This  was  the  early  and  simple  meaning  of  the 
word  geology,  or  geognosy,  namely,  the  examination  and  descrip- 
tion of  the  different  varieties  of  rocks  and  the  minerals  they  con- 
tained. Geology  was  looked  upon  in  the  light  of  a  geographical 
mineralogy,  and  even  yet  it  is  regarded  more  or  less  under  this 
aspect  by  many  persons.  "No  one,  indeed,  could  have  anticipated, 
from  the  mere  study  of  masses  of  stone  and  rock,  where,  to  a 
partial  and  local  view,  all  seems  confusion  and  irrep^larity,  the 
wonderful  order  and  harmony  which  arise  from  more  extended 
observ'ation  and  the  almost  romantic  and  seemingly  fabulous  history 
which  becomes  at  length  unfolded  to  our  perusal.  To  discover  the 
records  on  which  this  history  is  founded,  and  to  understand  their 
meaning  aright,  frequent,  long-continued,  and  wide-spread  observa- 
tion and  research  in  the  field,  and  patient  and  conscientious  i*egis- 
tration  and  comparison  of  the  observed  facts  in  the  closet,  are  abso- 
lutely necessary. 

The  collection  and  co-ordination  of  these  facts  is  the  proper  and 
peculiar  business  of  the  geognost.  The  ditch,  the  "  cutting,"  the 
quarry,  and  the  mine,  the  cliflf,  the  gully,  the  mountain-side,  and 
the  river-bank,  are  his  "  sicl/jecfs"  that  which  he  has  to  study,  t<j 
examine,  to  dissect,  to  describe  the  minutiae  of  the  structures  they 
expose,  and  to  classify  and  arrange  the  facts  they  may  afford, 
depicting  their  lineaments  on  maps  and  sections,  and  recording 
them  in  written  descriptions.  The  business  of  the  geognost,  then, 
is  to  make  out,  from  indications  observed  at  the  surface  and  in 
natural  and  artificial  excavations,  the  internal  structure,  the  soh\f 
geometry,  of  district  after  district,  and  country  after  country,  until 
the  whole  earth  has  been  explored  and  described.     If,  while  so 
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(loiii^,  lie  notcfl  all  those  facts  which  may  enable  him  or  othen  to 
undurHtond  and  explain  how  that  stractuie  has  been  prodaoed,  he 
thou  becomes  a  geologist. 

It  might  at  first  be  thought  that  in  order  to  make  oat  the  solid 
Htructure  of  lands  and  countries  it  would  only  be  necessaiy  to 
undiirstiiiid  the  nature  of  the  mineral  matters  of  which  they  were 
(M>miM)Hod,  and  that  for  this  purpose  no  knowledge  of  oiganic  or 
living  IxsingH  would  be  required.  It  is,  however,  one  of  the  most 
rnmarkuble  results  of  geological  science  that  an  acquaintance  with 
urgaiiic,  and  especially  with  animal  forms,  is  at  least  as  neoessaiy 
for  a  gcologiHt  as  a  knowledge  of  minerals,  and  that  a  correct  know- 
ledge of  organic  remains  (portions  of  fossil  plants  and  animals)  is  a 
more  certain  and  unerring  guide  in  unravelling  the  structnie  of 
complifuited  dlHtricts  than  the  most  wide  and  general  acquaintance 
with  inorganic  HubstimccH. 

The  cauHo  of  this  necessity,  puzzling  and  paradoxical  enough, 
))(?rha])ri,  at  first  sight,  may  be  briefly  stated  as  follows.  When  we 
inmui  to  examine  the  structure  of  the  crust  of  the  globe  we  find 
that  itH  several  parts  have  been  produced  in  succession,  that  it 
consists  of  a  rt^gular  series  of  earthy  deposits  (all  called  by  geolo- 
gists rocks)  formed  one  after  another  during  successive  periods  of 
time,  each  of  great  but  unknown  duration.  Now,  the  mineral 
substances  produced  at  any  one  period  of  this  vast  succession  of 
ages  do  not  ap])ear  to  have  had  any  essential  difiference  from  those 
formed  under  like  circumstances  at  another.  We  cannot,  therefore, 
with  any  certainty  discover  the  order  of  time  in  which  the  series 
of  rocks  was  formed,  or  the  order  of  superposition  which  they 
consequently  preserve  with  regard  to* each  other,  from  an  examina- 
tion of  their  mineral  character  or  contents  only.  The  ftnimftlt? 
and  plants,  however,  living  at  one  period  of  the  earth's  history 
were  different  from  those  living  now,  and  different  from  those  living 
at  other  periods.  There  has  been  a  continuous  succession  of  dif- 
ferent races  of  living  beings  on  the  earth  following  each  other  in  a 
certain  regular  and  ascertainable  order,  and,  when  that  order  has 
been  ascertained,  it  is  obvious  that  we  can  at  once  assign  to  its 
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ptoper  period  of  prodaotiony  and  fherefore  to  its  proper  place  in 
the  aeries  of  rocks,  any  portion  of  earthy  matter  we  may  meet  irith 
containing  any  one,  or  even  any  recognisable  firagment  of  one,  of 
these  once  living  beings. 

Just  as  when  we  find  nnder  the  foundation-stone  of  any  ancient 
bnilding  a  paxcel  of  coins  of  any  particular  sovereign,  we  know 
that  the  erection  of  that  bnilding  took  place  daring  his  reign,  so 
when  we  find  a  fingment  of  a  known  **  fossil"  in  any  piece  of  rock, 
we  fioel  sore  that  that  rock  must  have  been  formed  during  the 
period  when  the  animal  or  plant  of  which  that  fossil  is  a  part  was 
living  on  the  globe,  and  could  not  have  been  formed  either  before 
that  species  came  into  exiBtence^  or  after  it  became  extinct*  In 
cases,  therefcnre,  where  the  original  order  of  the  rocks  has  been 
confused  by  the  action  of  distttrbing  forces,  or  where  the  rocks 
themselves  are  only  at  rare  and  wide  intervals  exposed  to  view, 
their  periods  of  depositiou  and  consequent  succesaion  in  super- 
position may  be  more  easily  and  certainly  ascertained  by  the 
examination  and  determination  of  their  fossil  contents  than  by  any 
other  method. 

Practically,  it  has  been  found  that  while  a  very  slight  acquain- 
tance with  the  most  ordinary  forms  of  some  ten  or  a  dozen  of  the 
most  frequently  occurring  minerals  is  all  that  a  geologist  must 
inevitally  learn  of  mineralogy,  the  number  of  fossil  animals  and 
plants,  with  the  forms  and  the  names  of  which  he  will  have  to 
make  himself  familiar,  will  often  have  to  be  reckoned  by  hundreds. 

This  branch  of  geological  knowledge  is  now  known  under  the 
name  of  Palaeontology. 

Perhaps,  however,  the  tendency  of  late  years  has  been  to 
neglect  to  too  great  an  extent  the  bearing  of  mineralogical  know- 
ledge on  geology.  There  are  many  subjects  on  which  we  have  still 
to  ask  the  chemist  and  mineralogist  to  enlighten  us. 

One  deficiency  which  is  particularly  obvious  in  Britain  is  the 
want  of  a  good  and  precise  nomenclature  of  rocks,  and  especially  of 

•  The  very  rare  and  exceptional  canes  in  which  ancient  coins  may  have  l)een  (leiM»sit«*<l 
in  the  fuandation  of  a  recent  building,  or  fossils  originally  in  one  rock  niay  have  li*"**' 
wmabed  oat  of  it  and  buried  in  another,  need  not  more  than  a  passing  notice. 
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igneous  rocks.  Since  the  publications  of  Jameson  and  MacnUoch, 
no  attempt  has  been  made  in  English  to  supply  this  deficiency, 
and  to  bring  up  our  lithological  nomenclature  to  the  present  state 
of  chemical  and  mineralogical  knowledge.  Seyeral  works,  how- 
ever, have  lately  appeared  in  Grerman,  which  have  treated  the 
subject  of  rocks  more  or  less  satisfactorily,  as  those  of  Nauman,  of 
Bcmhord  Cotta,  and  of  Senft  These  works  have  been  consulted, 
and  some  of  their  matter  used  in  the  lithological  descriptions  intro- 
rlnccd  into  this  work,  while  their  arbitrary  classification  and 
arrangement  of  rocks  has  been  made  more  simple,  and,  as  appears 
to  me,  more  natural. 


Distribution  of  the  Subject. 

In  order  to  reduce  the  great  subject  of  geology  to  something 
like  order,  it  appears  advisable  to  divide  it  into  three  heads,  for 
which  we  may  use  the  terms — 1,  Geognosy  ;  2,  Palaeontology  ;  and 
3,  The  History  of  the  Formation  of  the  Series  of  Stratified  Eocks. 

This  will  enable  us  to  describe  separately  those  general  facts  in 
Htructure  which  either  are  or  may  be  common  to  the  rocks  of  all 
ages,  and  tliose  goneml  laws  which  regulated  the  distribution  of 
life  in  all  epochs  of  the  world's  history,  and  leave  us  free  to  give  a 
condensed  statement  of  the  third  part  without  stopping  to  describe 
special  instances  of  general  facts. 

By  Geognosy  I  would  understand,  then,  the  study  of  the 
structure  of  rocks  independently  of  their  arrangement  into  a 
chronological  series,  and  I  would  divide  it  into  two  parts — lithology 
and  Petrology.  By  Lithology  I  would  mean  the  study  of  the 
internal  structure,  the  mineralogical  composition,  the  texture,  and 
other  characters  of  rocks,  such  as  could  be  determined  in  the  closet 
by  the  aid  of  hand  specimens. 

Under  Petrology  I  would  arrange  the  larger  characteristics  of 
rocks,  the  study  of  rock-masses,  their  planes  of  division,  their 
forms,  their  positions  and  mutual  relations,  and  other  characters 
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that  can  only  be  studied  in  "  the  field,"  but  without  entering  on 
the  question  of  the  geological  time  of  their  production. 

Under  the  head  of  Palaeontology  I  should  wish  to  give  the 
heads  of  several  great  questions  as  to  the  laws  which  have  governed 
the  distribution  of  life  both  in  space  and  in  time,  as  also  to  indicate 
some  of  the  chief  points  in  the  structure  of  the  more  important 
extinct  races,  and  their  relations  to  those  now  living.  I  shall  also 
endeavour  to  point  out  the  practical  bearings  of  this  subject,  both 
scientific  and  economical. 

Having  thus  described  under  separate  heads  facts  and  generali- 
sations common  to  the  whole  subject,  and  structures  and  phe- 
nomena which  may  recur  during  every  geological  period,  I  shall, 
under  the  head  of  "  History  of  the  Formation  of  the  Crust  of  the 
Globe,"  give  a  condensed  abstract  of  that  history,  in  the  form  of  a 
chronological  classification,  mentioning  some  of  the  principal  and 
typical  groups  of  rocks  known  to  have  been  produced,  and  a  few  of 
the  more  common  and  best  marked  fossils  which  lived  at  different 
parts  of  the  earth  during  each  of  the  known  great  periods  of  its 
existence. 


.  c  » 
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SECTION  L  — LITHOLOGY. 


CHAPTER  I 


CHEMISTRY  AND  MINERALOGT. 


LiTHOLOOY,  or  the  stmly  of  the  mineral  structure  of  rocks,  is  based  on 
mineralogy.  For  a  knowledj^e  of  mineralogy  the  student  must  have 
recourse  to  special  works  upon  the  subject,  as  for  instance  to  those  (»f 
Nicol,  Dana,  Phillij^s,  Miller,  Brooke,  and  Mitchell  and  Tennant.  But 
for  the  proper  imderstanding  of  mineralogy,  some  knowledge  of  chemistry 
is  essential.  This  must  be  gained,  not  only  from  books,  but  from  study 
in  the  laboratory.  Gmeliu's  Handbook,  tnmslated  for  and  published 
by  the  Cavendish  Society,  contains,  perhaps,  the  most  full  and  accurate 
details  on  the  chemical  part  of  mineralogy. 

In  order  to  understand  lithology,  however,  an  acquaintance  with  the 
whole  science  of  mineralogy,  though  always  useful,  is  by  no  means 
necessaiy,  since  the  minerals  which  are  the  essential  constituents  of 
rocks  are  very  few  compared  with  the  whole  number  of  minerals. 
There  are  two  methods  of  studying  mineralogy,  one  giving  principal 
attention  to  the  external  characters  and  physical  properties  of  minerals  ; 
the  other,  laying  most  stress  on  their  internal  chemical  composition. 
The  former  gives  us  the  readiest  means  of  determining  the  different 
kinds  of  minerals,  but  for  investigating  the  mineralogical  constitution  of 
rocks,  the  latter  is  the  more  important  of  the  two,  since  it  teaches  us 
not  only  what  the  minerals  are,  but  how  they  were  produced.     It  is, 
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therefoijp,  'absolutely  necessary    to   understand  so  much  of  chemical 
nomenvjlahire  and  chemical  laws  as  shall  enable  us  clearly  to  compre- 
hend/vUtj*  precise  meaning  of  the  terms  describing  this  chemical  com- 
pcsh\|)n. 
'•As,  however,  geologists,  from  the  very  nature  of  their  pursuits,  are 
'••unable  to  devote  much  of  their  time  to  closet  study  or  laboratory  work, 
.,    uifless  at  the  expense  of  their  own  more  proper  field  of  investigation,  I  will 
/ //here  endeavour  to  assist  the  student  by  giving  him  a  condensed  abstract 
//'•-•  of  so  much  of  the  elements  of  chemical  mineralogy  as  may  be  sufficient 
''•\*'     for  this  purpose. 
'•/,••  Every  true  mineral  has  a   definite  chemical    composition,   and  a 

certain  regular  form,  each  of  which  is  both  produced  and  modified  ac- 
cording to  general  laws. 


1.  Laws  op  Composition. 

A.  Simpk  Bodies. — All  substances  are  either  simple  or  compound. 
If  simple,  they  are  some  of  the  sixty  enumerated  in  the  following  table, 
in  which  the  letters  preceding  the  names  are  the  symbols  ordinarily  used 
for  them,  the  figures  following  some  of  them  are  their  specific  gravities, 
and  the  italic  letters  after  a  few,  indicate  their  ordinary  physical  state — 
y.  meaning  gaseous,  and  I.  liquid,  the  rest  being  all  solid. 

These  simple  or  elementary  substances  are  arranged  in  this  table  by 
my  friend  and  colleague,  Dr.  W.  K.  Sullivan,  in  an  order  adapted  merely 
to  shew  the  relations  which  are  stated  in  it.  Other  orders  of  arrange- 
ment may  be  used  for  other  purposes.  Carbon,  for  instance,  might  be 
classed  with  Silicon  and  Boron,  since  they  are  in  some  respects  closely 
allied,  all  three  having  been  foxmd  in  three  states,  namely,  amorphous, 
crystalliBed  in  the  regular,  and  crystallised  in  the  hexagonal  systems, 
and  diamonds  of  Silicon  and  Boron  are  known,  as  well  as  tiioee  of 
Carbon. 

B.  Com2)ound  Suhstances, — ^All  other  substances  are  comhinatiotiB 
of  two  or  more  of  the  simple  substances  contained  in  Table  L  A  com- 
bination is  not  a  mere  mingling  of  two  substances  producing  a  mixtnre 
intermediate  between  the  two,  but  a  uni^yn  producing  a  third  substance 
different  from  either. 

These  combinations  do  not  take  plac«  indifferently,  but  according 
to  certain  strict  rules  or  laws,  of  which  the  two  following  are  the  most 
important 

I.  Elective  affinity. — One  substance  will  combine  with  another  in 
preference  to  a  third,  or,  in  some  cases,  in  preference  to  any  other. 
This  preference  is  denoted  by  the  term  "  elective  affinity." 


TABLE  1. — LiBT  OF  Elbme: 


Organogem  {forming 
nniniuJ  aiid  crgnlable 
badiu.) 

O.  OxjnQ.  g. 

H.  HjdrogeD.  g. 

N>  Nilrogen  g, 

C.  Carbon.  3.5 

Ainphigea$  (lekote   otnn- 

jMuadx  iciik  other  ele- 

nicntlfpotMII  a  markenl 

dindina,     i.e.,     total 

ilrongly    acid,    lonte 

itroBfilvbaiic.  Oxygta 

u  amphigenottt  auo). 

S.  Sulubnr.  3.0 

Se.  S«loi,iaiit.  4.3 

Tc  Telluriunt.  IJ.2 


Uijalogent  (gloia  -fo 
merl.  bteauit  the  aniu 
in  kKuA  iJuir  oxiilci. 
Silica  and  Boracii 
add,  ad  ai  addi,  f<i»c 
into  gliui  at  a  high 
temperalarti. 

B.  Boron. 

Si,  Silicon,' 


;:£r 


K.  PoUBsinm.  0,86 

Na.SadiaTii,  0.97 

Li.  Lithium.  059 

(i)  Whote  protoxide*  are 

alkaline  eartht. 
Bn.  Buriuni,  4.0V' 

Hr.  StroDtiiini.  2.54 

Ca.  Culcium.  1.57 

Big.  Magneiiam.      1.74 

2.  ilelab  whote  oxida 

AI.  Aluminium.        2,G7 

ti.  Glucinum.  2.10 

Zr.  Zircouium. 

Y.  Yltrium. 

Tb.  Tcrlium. 

B.  Erbium. 

Th.  Thoriuam. 

3.  Meialt  tehoie  oxidtt 

rettndtU  earlht. 
Ce.  Cerium. 
Lb.  LautlianuiD. 
I>.  Didvmium. 

4.  Sletalt    whole    pro- 

phoul  with  magneiia. 
Hti.  MHDguiese.  8,01 
Pe.  Iron  7,84 

Co.  Cobalt,  8.S5 

Ni.  NickL-l.  -8,82 


Metale    isomorjfhoue 
with  phoephorvM   and 


Hi.  Bismuth.  9.80 

6.  Ilelaltnot  iadudedin 
/oregoiiiy  ahoee  oxide* 

are    not    reduced   bg 

heat  alone. 
St.*  Tin.  7.29 

I'i.'  Tilonium.  5.33 

Cr.'  Chromium,        7.01 
V,- VunaJium. 
W,'  TuuKSten,        17.00 
Mu'  Mon-bdeiium,   8.62 


U"' Uranism,' 
Ta.  Tiinlalum, 
Nb.  Niobium. 


1 7,  Nellie  melaU,  or  Ihoee 
«hoie  oxida  are  re- 
duced by  heat  idoae, 
and  uhich  are  viually 
found  natire,  and 
rarela  or  never  com- 
billed  with  oxygen. 
rig.  Mercurj.  13,59 

Ag.  Silver,  10.53 

An.  GolO.  10.34 

Ft  PUlinnm.  21.50 
IM.t  PalUdiam,  11.80 
Ir.t  Iridium.  21.80 

K.I  Rhodium.  11.20 

Bu.i  Buchenium.      6.60 


*  TboH  markad  t 

thmignniL 

I  TliaM  m  Kraail  uwclated  ta 


imo[])hic  Kl»tion>  » 


14 


GEOGNOSY. 


By  moans  of  this  affinity  some  combinations  may  be  decomposed. 
If,  for  instance,  there  be  a  compound  substance,  X,  composed  of  two 
simple  substances  a  and  h,  of  which  a  has  a  greater  affinity  for 
another  simple  substance  c  thou  it  has  for  b ;  then,  if  we  bring  this 
third  substance  into  connection  with  X,  under  the  requisite  conditions, 
a  will  unite  with  c  to  form  another  compound  substance  Y,  while  the 
simple  substance  h  will  be  left  free. 

2.  Definite  proportion. — Simple  substances  not  only  have  an  elective 
affinity  for  each  other,  but  their  combinations  take  place  only  in  certain 
definite  proportions  with  each  other.  In  that  combination,  for  instance, 
of  the  gases  oxygen  and  hydrogen,  which  produces  water,  eight  ports  by 
weight  of  oxygen  combine  with  one  i)art  by  weight  of  hydrogen,  any 
suri)lus  of  either  that  might  be  present  remaining  unused. 

Equivalents. — Tlie  numbers  denoting  these  proportions  are  called 
the  eciuivalent  niunbers,  8  being  the  equivalent  of  oxygen  and  1  that 
of  hydrogen.* 

The  e([uivalent8  of  the  compound  substances  are  the  stmis  of  those 
of  their  elements  ;  thus  the  equivalent  of  water  is  (8  +  1  =)  9. 

B  1 .  Primary  compounds. — ^The  union  of  two  simple  substances  is 
termed  a  binary  (twofold)  compound,  or  may  be  called  a  primary  com- 
pound, as  denoting  the  first  possible  combination. 

The  two  substances  entering  into  combination  are  always  considered 
as  in  opposite  electrical  conditions,  one  being  electro-negative  and  the 
other  electro-positive. 

Tlie  generic  name  of  a  primary  (or  binary)  compound  is  formed  by 
adding  the  affix  ide  (or  %iret\)  to  the  first  syllable  of  the  name  of  its 
electro-negative  element,  placing  after  it  the  name  of  the  other  element 
wdth  the  word  of  between.     Thus — 


The  Compounds 
of 

Are  termed 

Example. 

SymboL 

Oxygen. 

Oxides. 

Oxide  of  zinc. 

ZnO. 

Carbon.       < 

Carbides,  or  car- 

Carbide of  iron. 

Fe^C. 

burets. 

Carburet  of  hvdrogen. 

H.C,. 

Sulphur.     < 

Sulphides,  or  sul- 
phurets. 

Sulphide,  or  sulphui'et 
of  potassium. 

Ik& 

Fluorine. 

Fluorides. 

Fluoride  of  calcium. 

CaF. 

Chlorine. 

Chlorides. 

Chloride  of  sodium. 

Naa. 

*  Any  other  numbers  having  the  ratio  8  : 1  would  do  equally  well ;  accordingly,  it  i* 
often  found  more  convenient  to  make  the  equivalent  of  oxygen  100,  when  that  of  hydrogen 
would  become  12.5,  for  12.5  x  8  =  100,  and  so  of  the  rest. 

t  Chemists  are  now  gradually  leaving  off  the  use  of  "  uret  **  as  a  termination.  Hie 
unions  of  two  metals  are  called  **  alloys ;"  those,  however,  with  mercury  are  called 
"  amalgams.  ** 
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When  It  H  «U  that  tlmple  bodiM  only  «om1niw  in  certain  deflnito 
propoitiona,  it  mnit  not  be  inferred  that  cMh  hu  aidy  one  pn^Kotion 
of  eaaiUn^ian ;  on  the  emtrair,  thcf  may  combine  in  any  dmjte 
mnltiple  of  that  propankm,  m  twke,  thiioe,  four  tinin,  et«^  or  eroi  in 
ane-hiilf  or  two-Udida  of  the  normal  proportini  or  eqninlent  "Bm 
namee  of  meh  ooaqntrnds  ate  formed  by  idadng  a  i«eSx  to  the  genoic 
name  eiqueanTe  of  the  namber  of  eqniralentB  of  the  «]eetio4iegatiTe 
element  in  it. 

The  EoUowing'lU)le  allbida  wtamplw  of  theee  namee  i — 

TABI.B  n. 


WtatUixvM 

takN 

Ibipnaik 

bMplM. 

BraMa 

/WoiidBofoopper; 

Oo.O. 

!  :S 

Di<half),or 

Oa,t 

8nb(imder). 

■j  SubcUoride  of  mer- 1 
\      ""7-                      i 

Hg.a. 

Proto(fiMt). 

Protoxide  of  iron. 

FeO. 

3:2 

Seequi  (one 
and  a  half). 

Sesqnioxide  of  iron. 
Dentoiide  of  lead. 

Fe,  0,. 
PbO,. 

2:1 

Denlo,orbi 

(twice). 

Binoxide  of  m&nga-  ) 
Bichloride  of  plati- ) 

Tritoxide  of  osmium. 

-  Teroxide  of  gold. 

Mno,. 

Pta,. 

Tri,ortet 

(thrice). 

OsO,. 

3:1 

AuO,. 

As  CI,. 

Te«a«,or 

/  TesBttTOiide    of    o&-  ) 

ObO,. 

quadri(fonr). 

■)  Qo^^idphide    oft 

f  Pentachloride        of  1 
I      phoephoniB.           / 

OaS,. 

5  :1 

PenU  (five). 

PCI.. 

WhBDin  .  terUi  of 
compoDiiili  one  hM 
the  krgett  Damber 

Per 

Peroxide  of  iron. 
Peroxide  of  hydrogen. 

Fe.O. 

oreqDlTalei,t.ofthe!. 

■    Peroxide  of  oBmium. 

OaO.. 

elect  ro-negativ 
metit,  wb sieve 

tt^ 

(complete). 

Perchloride  of  anti-  ) 
mony.                    / 

sba,. 

nniuber  mtj  b 

■        J 
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Acidi  and  Bases. — These  primary  (or  binarj')  compounds  have  dif- 
ferent properties,  from  which  they  are  called  acid,  basic,  or  indifferent ; 
thus  there  are  ox-acids,  sulph-acids,  chlor-acids,  etc.,  oxy-bases,  sulpho- 
bases,  chloro-bases,  etc.,  and  indifferent  oxides,  etc  For  our  purposes, 
however,  we  may  dismiss  from  consideration  all  acids  except  those  in 
which  oxygen  forms  the  electro-negative  element ;  and  we  may  then 
state  that  all  acids  are  either  deutoxides  or  tritoxides,  or  have  a  still 
higher  proportion  of  oxygen  in  combination  ;  that  the  indifferent  bodies 
are  either  sesc^uioxides,  or,  at  most,  deutoxides ;  while  the  bases  are 
either  protoxides  or  sesquioxides. 

It  is,  however,  the  bases,  and  in  part  the  indifferent  bodies,  which 
are  alone  termed  oxides.  The  acid  compounds  have  special  names, 
formed  by  apiK*nding  a  syllable  to  the  termination,  or  modifying  the 
final  syllable  of  the  electro-positive  element,  and  adding  the  word 
"  acid."  nius  the  acid  oxide  of  carbon  (CO^)  is  termed  carbonic  acid, 
and  one  of  the  acid  oxides  of  siUphur  (SO^^)  sulphuric  acid. 

When  a  simple  body  forms  with  oxygen  two  oxides  having  acid 
projKjrties,  the  name  of  that  which  contains  most  oxygen  ends  in  ir, 
and  that  having  least  in  ous.  Examples — (SO^),  sidphurous  add  ; 
(SOg),  sulphuric  acid. 

At  the  time  of  the  framing  of  this  nomenclature  no  bodies  were 
known  forming  more  than  two  acid  oxides.  Others,  however,  have 
since  been  discovered,  and  they  are  described  by  the  prefix  of  hypo 
"  imder,"  jJaced  before  the  words  ending  in  ic  or  ous,  according  to  the 
relation  which  it  is  desired  to  express.  If  an  acid  be  discovered  con- 
taining more  oxygen  than  the  one  i)reviously  known,  and  ending  in  ic, 
it  takes  the  prefix  per,  Examides — (CI  O),  hypochlorous  acid  ;  (CI  O  ), 
chlorous  acid  ;  (CI  0 J,  hypochloric  acid  ;  (CI  0^),  chloric  acid  ;  (CI  O*), 
perchloric  acid. 

Many  acids  have  a  shai'p  taste  (whence  the  term  "acid"  originated), 
and  have  the  j^roperty  of  reddening  many  blue  vegetable  colouring 
matters,  such  as  that  of  the  violet,  red  (puri)le)  cabbage,  litmus,  etc 
Such  acids  are,  of  course,  soluble  ;  but  there  are  many  which  are 
insoluble,  and  exhibit  no  action  upon  colouring  matters,  and  have  no 
sharp  taste.  Hence  chemists  no  longer  consider  those  properties  as  the 
essential  qualities  of  an  acid,  and  have  accordingly  agreed  to  consider 
that  body  as  an  acid  which  appears  at  the  positive  pole  when  a  salt  is 
decomposed  by  the  action  of  a  voltiuc  battery  ;  or,  in  other  words,  an 
acid  is  the  eUctro-netfative  constituent  of  a  salt. 

Some  bases  which  are  soluble  have  the  property  of  changing  the 
blue  colouring  matter  of  red  cabbage  to  green,  and  the  bright  yellow  of 
turmeric  to  bro>vii,  and  of  restoring  the  blue  of  litmus  reddened  by  an 
acid.     But  as  nuiny  substances  are  considered  as  bases  which  do  not 
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possess  this  property,  chemists  have  agreed  to  consider  as  a  base  the 
electro-positive  constituent  of  a  salt,  or  that  which  appears  at  the  negative 
pole  in  the  process  of  electrolysis.  Some  bodies  possess  the  acid  or  basic 
properties  so  weakly,  that  they  are  capable  of  acting  in  either  capacity, 
according  to  circumstances,  that  is,  they  act  as  bases  with  strong' 
acids,  and  as  acid^  with  strong  bases.  Such  bodies  may  be  termed 
indiferent.* 

B  2.  Secondary  comjyounds  or  salts, — ^Acids  and  bases  form  combi- 
nations with  each  other  which  are  termed  salts.  In  these  combinations, 
the  electro-negative  element  is  most  usually  the  same  in  the  acid  and 
the  base,  an  oxygen  acid  uniting  .with  an  oxygen  base,  a  clilorine 
acid  with  a  chlorine  base,  and  so  on.  There  are,  indeed,  some  salts, 
both  natural  and  artificial,  composed  of  miions  of  different  elements, 
especially  oxygeii  and  chlorine,  but  for  our  purpose  we  may  dismiss 
£rom  consideration,  as  before,  all  acids  and  l)ases  except  those  which  are 
oxides. 

Salts,  then,  or  the  unions  of  acid  and  basic  oxides  may  l>e  termed 
ternary  com{X)unds,  as  being  combinations  of  three  substances,  <^r 
secondary  compounds,  as  being  the  second  possible  combinations. 

The  primary  compound  substances,  acids  and  bases,  combine  with 
each  other  in  the  same  way  that  simple  substances  do  ;  that  is,  through 
elective  affinity  for  each  other,  and  in  definite  proportions  with  each  other. 

The  unions  of  acids  and  bases,  therefore,  may  be  expressed  in  the 
same  W'ay,  and  by  using  similar  prefixes,  affixes,  etc.,  to  those  which 
denote  the  xmion  of  the  simple  substances. 

The  name  of  an  oxygen  salt  is  formed  ])y  modifying  the  termination 
of  the  acid,  changing  "  ous"  into  ite,  and  "  ic"  into  ate.  Example — 
Sulphurous  acid  and  soda  fonu  sulphite  of  soda,  Kiilphuric  acid  and 
potash  form  sidphate  of  iK)tasli. 

"  If  the  acid  have  the  prefix  hypo  or  per,  it  is  retained  in  the  name 
of  the  salt — example,  hypochhjrous  acid  and  soda  form  hypochlorite  of 
soda,  perchloric  acid  and  potash  form  perchlorate  of  potash. 

"  Again,  the  very  same  acid  and  base  may  unite  in  different  prc)- 
portions,  and  produce  another  set  of  salts.  In  such  cases  the  one  con- 
sidered to  be  the  neutral  salt  receives  a  name  formed  in  the  manner 
just  described,  while  those  wliich  contain  more  acid  or  base  than  it  are 
distingui«he<l  by  prefixes,  in  the  same  manner  as  in  the  combinations  of 
the  simple  substances."     (See  Table  II.) 

Summary. — ^The  conclusions  we  have  now  arrived  at  may  be  summed 
up  as  follows  : — 

*  Alnmina  in  an  example  of  such  a  snbstance,  as  it  acts  as  the  acid  in  spinel,  and  is  8U](- 
poaed  to  replace  silica  in  some  hornblendes,  and  as  a  base  in  alum  and  in  most  aluminous 
•Uicatca. 

B2 
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Ill  the  fiwt  place,  all  substances  the  names  of  which  end  in  "  ide** 
Cor  "  uret**),  and  the  acids  ending  in  "  ic,"  or  "  ous,"  are  composed  of 
two  eleifiMitary  constituents  only,  their  varieties  resulting  from  the 
different  j»roportion8  in  which  those  constituents  are  combined. 

Hi-amdlyf  all  substances  of  which  the  names  end  in  "  ate  "  (such  as 
sulphate,  carbonate,  silicate),  are  salts,  however  hard,  insoluble,  or 
taMteless  they  may  1)e,  the  essential  character  of  a  salt  being  that  it  is 
tlie  union  of  an  atrid  with  a  base. 

W(j  also  learn  tliat  while  there  are  some  substances,  each  of  which 
may  fonii  many  varieties  of  acid,  according  to  the  various  multiple 
proportions  in  which  oxygen  may  combine  with  it,  there  can  be  only 
two  basic  varieties  of  any  (me  substance,  that  which  is  called  its  pro- 
tr)xide  and  that  which  is  called  its  sesquioxide.  There  can  then  be  two, 
.md  only  two,  sets  of  salts  fonned  by  any  one  substance  and  any  one 
<icid,  the  j>rc»toxide  and  the  sesquioxide  salts,  but  that  each  of  those  sets 
of  salts  may  alno  have  several  varieties,  depending  on  the  different 
multiple  pro}M)rti()nH  in  which  the  acid  may  unite  with  the  base. 

Salt-radkk  Theory. — If,  however,  the  above  restriction  to  the  use 
of  the  word  "salt"  be  established,  it  follows  that  the  chemical  meaning 
of  the  tenn  "salt,"  is  not  only  different  from  its  ordinary  meaning,  but 
directly  oj>pos<Ml  to  it ;  because  common  salt  (Na  01.)  is  not  the  union 
of  an  acid  and  a  base,  but  that  of  two  simple  su])stances,  sodium  and 
chlorine,  and  tlu^refore  is  a  primary  compound  instead  of  a  secondary 
comjwund  or  salt. 

It  appeiirs,  however,  that  this  anomaly  may  be  rectified  or  evaded 
by  viewing  the  combination  of  an  acid  with  a  base  as  merely  a  binary 
compound  of  a  metal  with  a  salt-radicle,  and  not  as  a  union  Mrith  two 
<listinct  molecular  groups.  Sulphate  of  potash,  for  instance,  would  be 
considered  not  so  much  the  combination  of  tritoxide  of  sulphur  with 
oxide  of  potassium,  but  as  a  combination  of  potassium  "with  quadroxide 
of  sulphur.  In  this  way  common  salt,  chloride  of  sotlium,  becomes 
strictly  analogous  to  all  other  salts,  as  in  the  following  expressions ; — 

Acid  Theory.  Salt-radicle  Theory. 
Sulphate  of  Potash     .     .     .     KO  +  SO,  K  +  SO^. 

Nitrate  of  Potash        .     .     .     KO  +  NO,  K  +  NO.. 

Cliloride  of  Sodiiun    ...  Na  -f  CL 

In  the  ordinary  use  of  terms  descriptive  of  salts,  the  bases  of  which 
have  no  special  names  (like  Lime  for  the  oxide  of  Calcium),  the  words 
"  oxide  of"  are  often  omitted,  thus  sulphate  of  iron  means  sulphate  of 
oxide  of  iron,  since  in  the  commonly  used  nomenclature  the  simple 
substance  irtm  is  only  supposed  to  combine  with  the  simple  substance 
sulphur  (producing  sulphide  or  sulphuret  of  iron),  and  not  with  its 
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oxygen  acid  (sulphuric  acid),  which  is  ordinarily  supposed  to  recpiire 
an  oxygen  base. 

Relation  of  the  orygeii  in  the  base  to  that  in  the  acid — In  order  to 
completely  understand  the  terms  descriptive  of  the  formation  of  salt**,  it 
is  necessary  not  merely  to  look  upon  them  as  unions  of  a  base  with  an 
acid,  but  also  to  notice  the  nature  of  the  combination  as  regards  the 
proportions  of  oxygen  in  each. 

"  If  we  take  sulphuric  acid  (80^^)  and  potash  (KO),  for  instance,  it 
is  found  by  experiment  that  they  combine  to  form  a  neutral  salt,  sul- 
phate of  potash,  in  such  proportionate  quantities  that  the  ratio  of  oxygen 
in  acid  :  that  in  base  : :  3  : 1.  Chemists  have  then  agreed  to  consider, 
by  analogy,  all  the  sulphates  of  the  oxides  of  the  metals  as  neutral 
salts  which  have  the  same  ratio  of — 

Oxygen  in  base  :  oxygen  in  acid  : :  1  : 3. 

All  neutral  salts,  therefore,  require  one  additional  equivalent  of 
acid  to  every  additional  equivalent  of  oxygen  in  the  base.  If  we 
represent  the  metals  by  the  common  symbol  R,  then  the  following 
formulae  would  represent  the  composition  of  the  neutral  sulphates  ; 
for — 


Protoxides  RO  +  SO^  1 

Sesquioxides      R,  O,  +  3  SO^     1 
Deutoxides         RO.  4-  2  SO.       1 


O  in     O  in 
base.    acid. 

3 

3 

3 


Ratio  of  No.  of  eqiiivalentfi 
of  base  to  No.  of  acitl. 


1 
1 
1 


1 
3 
2 


"  The  ratio  of  the  oxygen  in  the  base  to  that  in  the  acid  varies  of 
course  for  every  acid,  but  is  the  same  for  all  the  salts  which  arc  con- 
sidered neutral  that  are  formed  by  the  same  acid  with  a  series  of  bases  ; 
thus : — 


In  carbonates  it  is  as 
In  chlorates 


1 
1 


5 


Etc.  etc 


"  Formation  of  Silicates, — The  salt^  wliich  silica  is  capable  of 
forming  with  the  bases  are  extremely  nimierous,  and  are  seldom  of  so 
simple  a  composition  as  those  for  which  the  onlinary  nomenclature  was 
constructed  ;  hence  when  the  chemical  composition  of  minerals  began 
to  be  studied,  and  chemical  names  given  to  them,  a  somewhat  different 
system  of  nomenclature  was  unfortunately  adopted.  Thus,  those  nilicates 
in  which  the  proportion  of  acid  to  base,  whether  that  base  were  pro- 
toxide or  sesquioxide  was  as  1  :  1,  were  called  silicates  or  wiowosilicatep, 
where  that  relation  was  2  : 1  JisOicates,  where  3  : 1  /nsilicates.     Those 
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ill  which  the  proportion  of  acid  wem  less  than  that  of  a  monosilicate 
were  called  a^/^silicates. 

"  If  silica  l>e  a  teroxide  (Si  0,),  then  it  is  clear  that  what  was 
called  a  trisilicate  of  a  sesquioxide  should,  in  hanuony  with  the  nomen- 
clature just  given,  be  considered  as  the  neutral  silicate,  and  the  binh- 
cates  and  mononilicates  as  basic  salts.  If,  on  the  other  hand,  we  mlopt 
the  jinffenilile  formula  Si  O^,  ht  consider  silica  a  deutoxide,  then  the 
formerly  basic  silicate  3  (R  0)  +  2  (Si  Oj,)  would  become  the  monosili- 
cate with  the  much  more  simple  formida  RO  +  Si  O^.  The  determinor 
tion  of  whether  silica  be  a  deutoxide  or  teroxide  was  attended  with 
(xmsiderable  difliculties  ;  but  the  Iwdance  of  evidence  now  leans  so 
stronj^ly  in  favour  of  the  former,  that  however  the  previously  used 
symlH>l  of  Si  0^  may  linger  among  mineralogists,  chemists  are  univer- 
Pally  discarding  it  as  entirely  out  of  harmony  with  all  the  recently  dis- 
covered facts  (»f  the  science.  Adojrting  then  the  formula  Si  0,  for 
silica,  the  following  table  will  represent  the  general  fomudce  for  many 
of  the  simple  silicates  hitherto  examined,  whether  natural  or  artificial. 

TABLE  III. 


a 
'A 


lUtlation  of 
Oxygen  In  tlie 

Acid  Banc. 

^^  (  6:1 
S?J  4:1 
<^  [    3:1 

'^S   >    2:1 

ij 

1  :  1 

l:li) 
or 

2  :3  j 
1:2] 

or  • 
2  :4  j 
2  :6 

or 

1  :3  j 
4  :3 


S 

i  < 


( 


Name. 


Trisilicjite. 

Bisiliaite. 

Sestiuisilicate. 

Monosilicate. 

Disiliciite,  or  bibasic. 

Tribasic  pilicate. 

Quadribasic  silicate. 

Sexbasic  silicate. 
Two-thirds  silicate. 


Fonuuln*  of  Hili- 

I'atcH  of 

Pmtoxldt^. 


RO,  3  Si  O,. 
RO,  2  Si  0.^. 
2RO,3SiO.^. 

RO,  Si  0,. 

2  RO,  Si  O,. 

3  RO,  Si  0,. 


4  RO,  Si  O  . 


6  RO,  Si  O,. 
3  RO,  2  Si  O^. 


Foiniula  of  Silicates 
of  Sesquioxides. 


R,  0„  9  Si  O.. 
K,  0,,  6  Si  O,. 
2  R  O,,  9  Si  O.. 


R,  0„  3  Si  O.. 


2  R,  0„  3  Si  O.. 


R,  O,,  Si  O,. 


4  R,  O3,  3  Si  O,. 


2  R,  0„  Si  O, 


R,  0„  2  Si  O, 


a       3 
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**  Those  silicates  of  the  sefiquioxide  bases  which  are  underlined,  are 
found  most  frequently,  indeed  we  might  almost  say  exclusively,  in  the 
doable  silicates  of  alumina.  Such  silicates  as  two-thirds,  three-fourths, 
etc,  are  perhaps  not  simple  silicates,  but  compounds  of  other  more 
simple  ones.  It  may  hereafter  be  found  that  the  number  of  silicates 
which  exist  naturally  in  combination  is  much  smaller  than  has  been 
supposed." — W.  K.  & 


2.  Laws  of  Form. 

The  definite  geometrical  form  of  a  mineral  is  called  its  crystal.  A 
crystal  is  not  necessarily  transparent,  many  are  opai^uc  ;  the  definite 
form  being  its  only  essential  attribute. 

Axes  of  Crystals, — ^The  forms  of  crystals  are  very  numerous,  but  all 
those  which  occur  naturally  in  minerals  may  be  classed  into  six  systems 
of  crystallization,  depending  on  the  position  of  the  "  axes,"  or  right 
lines  about  which  their  faces  are  sjTnmetrically  arranged. 

It  is  obvious  that  the  "  axes"  of  any  body  are  iuiinite,  since  we  may 
suppose  it  to  be  concentrically  enclosed  in  a  sphere  with  an  infinite 
nimiber  of  diameters.  The  "symmetrical  axes,"  however,  are  those 
only  which  join  similar  opposite  points  of  a  regular  figure,  as,  for 
instance,  the  centres  of  opposite  faces,  the  centres  of  opposite  edges,  or 
the  opposite  angles  or  comers  of  a  solid. 

A  cube  has  six  faces,  twelve  edges,  and  eight  angles  (or  comers), 
therefore  a  cube  will  have  thirteen  symmetrical  axes,  namely,  three 
joining  the  centres  of  the  six  opposite  faces,  six  joining  the  centres  of 
the  twelve  opposite  edges,  and  four  joining  the  eight  opposite  angles. 
(See  fig.  1,  a,  5,  and  c.)  In  the  majority  of  instances  it  will  be  suffi- 
cient to  select  those  three  symmetrical  axes  which  express  the  ordinar}' 
dimensions  of  length,  breadth,  and  thickness.  It  is,  however,  more 
convenient,  in  one  case,  to  take  four  axes,  since  wliat  we  may  call  the 
breadth  or  thickness  is  e<{ual  in  three  directions. 

The  six  systems  of  Crystals, — These  six  systems  of  cr}'stallization 
have  lieen  very  variously  named,  and  also  difiei-ently  numbered,  in 
different  works  on  minersdogy  and  chemistry.  In  drawing  up  the  fol- 
lowing list  I  have  been  guided  chiefly  by  Regnault's  Crystallography, 
NicoFs  Elements  of  Mineralogy,  and  the  Rev.  W.  ^MitchelFs  Crystallo- 
graphy in  Chys  C*ircle  of  the  Sciences. 

1.  The  first  or  regular,  or  cubical  or  octahedral,  or  tesseral  or 
isometrical  system,  has  three  equal  axes  at  right  angles  to  each  other. 
The  typical  form  is  either  the  cube  with  six  equal  square  faces,  or  the 
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regular  octahedron  with  eight  faces  formed  of  equilateral  triangles. 
(See  fig.  1 ,  a.) 


Iig.1. 


a 


y\   ^ 


2.  The  second,  or  square  prismatic,  or  pyramidal,  or  tetragonal, 
or  monodimetrical,  or  two-and-one  axial  system,  has  three  axes  at  right 
angles  to  each  other,  of  which  only  two  are  equal  to  each  other.  Its 
typical  form  is  either  the  right  prism  on  a  square  base,  or  the  right 
double  four-faced  pyramid,  with  eight  faces  formed  of  isosceles  triangles. 
(See  fig.  2.) 

3.  Tlie  third,  or  hexagonal,  or  rhombohedral,  or  monotrimetrical, 

or  three-and-one  axial  system,  has 


4- 


t 


■M- 


four  axes,  three  of  which  are 
equal  and  cross  each  other  at 
angles  of  60^  in  the  same  plane, 
the  fourth  being  not  ecpal  with 
them,  and  at  right  angles  to  them. 
Typical  form  a  right  prism  on  a 
hexagonal  base  (see  fig.  3),  or  a 
right  double  six-sided  pyramid,  with  twelve  faces  formed  of  isosceles 
triangles.  Tlie  rhombohedral  forms  are  hemihedral  (see  next  page) 
modifications  of  the  latter. 

4.  The  fourth,  or  rhombic,  or  rhombic-prismatic,  or  orthotype,  or 
prismatic,  or  one-and-one  axial  system,  has  three  axes  which  are  not 
ecjual,  though  all  are  at  right  angles  to  each  other.  (See  fig.  4.)  Typi- 
cal form  a  right  prism  on  a  rhom- 
bic base,  or  right  octahedron  ^ith  a 
rhombic  base,  and  eight  faces  formed 
of  scalene  triangles. 

5.  The  fifth  or  oblique,  or  mono- 
clinohedric,  or  hemiprismatic,  or 
hemiorthotype,  or  clinorhombic,  or 
hemihedric-rhombic,  or  two-and-one 
membered,  system,  has  three  unequal  axes,  two  of  which  are  oblique 
to  each  other,  and  the  third  at  right  angles  to  the  other  two.     (See 
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fig.  5.)  The  typical  form  may  be  taken  as  the  oblique  prism  on  a 
rectangular  or  rhombic  base,  or  the  inclined  (or  obli(iue)  double  four- 
fificed  pyramid  or  octahedrt)n  on  a  rhombic  base. 

6.  The  sixth,  or  doubly  oblique,  or  anorthic,  or  triclinohedric,  or 
anorthotype,  or  tetarto-prismatic,  or 
tetarto-rhombic,  or  one-and-one  mem- 
bered,  system,  has  three  axes  all 
oblique  to  each  other,  which  may 
have  any  possible  relation  as  to 
length.  (See  fig.  6.)  The  typical 
form  is  the  doubly  oblique  prism,  or 
the  doubly  oblique  octahedron  or  pyramid.* 

Holohedral  and  hemihedral  cn/stals. — The  first  and  most  obvious 
modification  of  these  crystalline  forms,  is  that  consequent  ujwn  halving 
them.  We  may  conceive  in  each  of  the  preceding  systems  a  form  pro- 
duced by  the  growth  of  half,  instead  of  the  whole  crystal,  the  one  called 
the  hemihednd  (from  the  Greek  "  hemi,"  a  half,  and  "  hedra,"  a  seat  or 
basis),  and  the  other  the  holohedral  (from  the  Greek  "  holos,"  the  whole). 
There  will  l>e  sometimes,  then,  two  distinct  series  of  fonus  under  each 
system.  Tlie  most  remarkable,  perhaps,  of  these  is  the  pro<luction  of 
the  six-sided  rhombohednd  forms  of  the  third  system  from  the  twelve - 
sided  pyramids  of  that  system. 

Derivative  forvM, — Other  modifications  may  be  derived  from  the 
typical  forms  in  the  following  way  : — 

In  fig.  1,  6,  the  eight  comers  of  the  cube  are  joined  by  four  axes  or 
lines  passing  through  the  centre  of  the  cube.  If  now  we  suppose  each 
of  these  eight  cf)mer8  to  be  truncated  (or  cut  oft")  by  a  plane,  at  right 
angles  to  its  axis,  we  shall  get  eight  new  faces,  and  if  equal  portions  be 
cut  away  until  these  new  faces  meet  or  touch  each  other,  it  will  be 
obvious  that  the  result  will  be  the  octahedron,  or  figure  bounded  by 
eight  sides,  which  will  be  equilateral  triangles. 

In  fig.  1,  c,  the  twelve  edges  of  the  cube  have  their  centres  joined 
by  six  axes,  and  if  in  like  manner  each  of  these  edges  be  tnmcated  by 
planes  at  right  angles  to  the  axis,  we  shall  get  twelve  new  faces,  and  if 
equal  portions  be  cut  off  till  these  new  faces  meet  or  touch  each  other, 
we  shall  have  a  regular  twelve-sided  figure,  or  dodecahedron  formed, 
each  of  its  faces  being  a  rhomb. 

Or,  vice  »er«i,  if  we  have  the  octahedron  or  dodecahedron,  we  may 


*  Nannum  aod  other  chemists  now  propose  to  adopt  seven  systems  of  crystallization  ; 
three  upright  forms  with  three  axes,  three  inclined  forms  with  tliree  axes,  and  one  hexagonal 
with  ftmr  axes.  .The  crystallization  of  some  artificially  formed  substances  Justifies  tliis 
proposal,  but  the  nix  systems  given  above  include  all  naturally  formed  substances. 
{Jtfifwmfatiiiii^  twtixtd  from  Dr.  SuUivan. ) 
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convert  it  into  a  cube  by  supposing  regular  increments  added  to  each 
face,  80  as  to  buibl  up  the  comers  or  edges  of  the  cube. 

Tlien,  again,  we  may  sup|>ose  the  above-mentioned  increments  or 
decrements  not  complete,  the  cube  having  its  comers  or  edges  cut  off 
regularly  and  equally,  but  not  to  a  sufficient  extent  for  the  new  faces  to 
touch  each  other.  We  might,  for  instance,  have  a  cube  with  portions 
of  itH  original  six  faces  remaining,  and  eight  new  smaller  faces  where 
the  comers  w*ere  cut  off,  making  a  regular  figure  with  fourteen  faces,  or 
if  the  twelve  edges  were  so  cut,  we  might  have  a  regular  figure  with 
eighteen  faces. 

Still  further  modifications  may  be  formed  by  the  superposition  of 
one  of  these  modifications  on  the  faces  of  another,  as  we  may  imagine, 
for  instance,  the  pyramidal  end  of  an  octahedron  growing  out  of  the 
face  of  a  cube. 

What  is  true  of  the  first,  is  equally  tme  of  all  the  other  systems. 

The  student  may  now  understand  how  the  almost  infinite  diversity 
of  natural  forms  may  be  reduced  to  a  comparattvely  simple  system,  by 
seeing  how  a  few  regular  modifications  of  8imj)le  and  regular  fomis  will 
result  in  a  wonderful  complexity  of  geometricid  figures. 

Macles. — Tliere  are,  moreover,  forms  prcnluced  by  twin  crystals,  the 
principal  axes  of  wliich  cross  each  other,  either  at  right  angles  or  at 
some  other  definite  angle,  thus  producing  crjstals  in  the  form  of  a 
cross,  or  half  a  cross,  either  rectangular  or  oblique. 

Clfarat-f''. — All  crystals  have  a  natural  ole^ivage  or  tendency  to 
split  and  i)roduce  i^erfectly  smooth  faces  i>arallel  either  to  the  faces 
of  the  original  typical  form  or  to  some  of  the  faces  thus  produced 
by  regular  and  symmetncal  modifications  of  that  f()nn.  It  is  by 
taking  advantage  of  this  natural  cleavage  that  hard  gems  are  cut  by 
jewellers. 

homorjihism,  D\mori)hUm^  and  Allotrojnsm. — It  has  been  said  that 
all  minerals,  properly  so  called,  possess  a  definite  chemicid  composition, 
i.e.j  are  made  up  of  precisely  the  same  ingredienti*  in  exactly  the  same 
projiortion  ;  and  also  a  definite  form,  that  is,  arc  either  one  of  the 
primary  or  typical  forms  mentioned  above,  or  a  modification  of  one  of 
those  forais. 

We  have  now  to  modify  this  statement,  sincc^  it  has  ])een  found  that 
there  are  certain  groups  of  substances  wliich  can  l.>e  substituted  for  each 
other,  under  certain  conditions,  without  producing  any  noticeable  change 
of  f(;rm  in  the  crystal  of  the  mineral,  and  also  that  some  substances, 
retaining  the  same  chemical  composition,  do,  under  certain  conditions, 
a.ssume  more  than  one  definite  form. 

Different  specimens  then  may  contain  different  proportions  of  the 
same  ingredients  or  even  different  ingredients,  and  yet  retain  the  same 
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form,  and  remain  the  same  mineral,  provided  the  variation  occurs  only 
among  these  groups  of  substances. 

Substances  possessing  this  power  of  replacing  each  other  are  said  to 
be  isomorphous,  or  "  retaining  the  same  form"  (from  two  Greek  words, 
"  isos,"  equal,  and  "  morphe,"  form).  Among  the  substances  mentioned 
at  p.  30  in  Table  V.,  for  instance,  potash,  soda,  lime,  magnesia,  protoxide 
of  iron,  and  protoxide  of  manganese  (all  being  simple  oxides),  are  iso- 
morphous. Alumina  and  peroxide  of  iron,  again  (both  sesquioxides), 
are  isomorphous.  One  consequence  of  this  law  is,  that  we  find  con- 
siderable differences  between  the  different  analyses  of  the  same  mineral, 
according  as  each  specimen  analysed,  contains  more  or  less  of  different 
isomorphous  substances.  It  is  hence  necessary  always  to  reduce  the 
analyses  of  minerals  to  a  theoretical  or  normal  formula,  which  groups 
the  isomorphous  bases  together,  and  points  out  the  relations  of  the 
group  to  the  adds  present  in  the  mineral.  Such  a  group  of  bases  is 
commonly  denoted  by  the  letter  R  in  chemical  formidse.* 

*  "One  of  the  best  examples  of  isomorphism  is  presented  by  the  varions  alums,  of 
which  there  are  no  less  than  twelve,  all  of  which  crystalise  in  regular  octahedrons,  and  may 
be  represented  by  the  following  formula : — 

RO,  80,  +  RjOa,  8  80,  +  24  HO. 
Now,  in  tills  formula,  RO,  the  protoxide  base  may  be  any  one  of  the  three  substances  KO 
(potuh) ;  Na  O  (soda),  NH4O  (oxide  of  ammonium) ;  and  RfO,,  the  sesquioxide  base  may  be 
any  one  of  the  four  substances  AL^O,  (alumina),  FaO,  (sesquioxide  of  IronX  Cr^O,  (sesqui- 
oxide of  ehromiumX  or  Hn^ O,  (sesquioxide  of  manganese).  There  are,  therefore,  S  x  4  =  12 
poMible  combinations. 

Perfectly  isomorphous  bodies  or  Uotomes  are  those  which  have  the  same  crystalline  fonn, 
and  similar  formulse,  and  equal  atomic  volumes.  The  conditions  for  perfect  isomori)hisii> 
can  only  be  ftilflUed  in  crystals  belonging  to  the  regular  system. 

Those  in  which  the  last  conditions  are  only  partially,  or  not  at  all  fulfilled,  are  said  to  1»e 
komoiotMrpkcfiM.  The  replacement  of  an  equivalent  of  one  body  by  a  multiple  of  the 
equivalent  of  another,  is  termed  polymeric  isomorphism.  Thus,  for  example,  according  to 
Bcheerer,  3  Ho  (3  equivalents  of  water)  can  repbuse  Mg  O  (magnesia),  without  changing  the 
form. 

Heteronomie  isofiujrphism  is  that  kind  of  homoiomorphism  in  which  the  condition  of 
equal  atomic  volumes  is  ftilfilled  by  dividing  the  unequal  atomic  volumes  of  two  homoio- 
morphoQS  bodies  by  the  number  of  atoms  in  each  compound.  Dana  has  applied  this  property 
to  connect  t(^;ether  difilBrent  formula.  The  analysis  of  some  minerals  led  to  the  following 
general  fonnulse ;  and  from  them  were  calculated  the  annexed  atomic  volumes  :— 

No.  1.  (RO),  (Si  O,),  +  3  (R,  O,,  Si  0,)=  1808. 
No.  2.  (RO),  (Si  O,),  +  6  (R,  O,,  Si  0,)=  8018. 
No.  3.  (RO)  (Si  O,)  -t-  4  (R)  0„  Si  O,)  =  1850. 

Now  No.  1  contains  41  atoms  and  1808  -f-  41  =  44. 
And  No.  1       »,        88     „      and  8018  -i-  68  =  44. 
And  No.  8       „        42     „      and  1850  -^42  =  44. 
The  conditions  of  equal  atomic  volume  were  thus  fulfilled. 

Homoiomorphiam  has  a  very  extended  meaning,  according  to  some  persons,  and  is  not, 
according  to  them,  like  true  isomorphism,  confined  to  forms  of  the  same  system  alone,  but 
may  eziat  between  forms  belonging  to  two  different  systems.  Thus,  for  example,  orthoclase 
or  potish  feldspar  la  bomoiomoiphous  with  albite  or  soda  feldspar,  though  the  former 
belonflpi  to  th«  fifth  and  the  latter  to  the  sixth  system.  "-<W.  K.  8.) 

C 
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Dimorphism  (from  the  Greek  "  dis*'  twice),*  is  the  property  which 
some  substances  have  of  crystallizing  in  two  diifeient  forms  belong- 
ing to  two  different  systems  of  crystallization.  These  different  crystals 
of  the  same  substance  vary  not  only  in  external  form,  but  often  also  in 
density,  hardness,  etc. 

Tliey  thus  form  different  minerals,  and  go  by  different  names, 
although  they  have  essentially  the  same  chemical  composition.t 

This  assumption  of  a  different  form  in  the  same  substance  often 
seems  to  depend  on  the  different  circumstances  of  temjjerature,  etc., 
under  which  the  crystals  have  been  produced.  "  It  is  often  remarked 
that  crystals  wliich  have  been  formed  at  high  temperatures,  and  which 
were  perfectly  transparent  at  the  moment  of  their  production,  become 
opaque  and  pulverulent  after  a  short  time.  Disaggregation  ensues, 
because  the  molecules  have  a  tendency  to  arrange  themselves  differently, 
in  accordance  with  the  forces  which  prevail  at  less  elevated  tempera- 
tures. It  is  often  possible,  when  this  alteration  has  occurred,  to 
distinguish,  iiith  the  aid  of  a  magnifier,  that  the  mass  is  formed  of 
small  rudimentary  crystals  possessing  the  form  which  the  substance 
affects  at  ordinary  temperatures." — Regnault 

A  mineral,  then,  when  composed  of  a  substance  possessing  the 
property  of  dimori)hism,  might  have  an  extenial  cr}^stalline  form 
belonging  to  one  system,  while  internally  it  is  made  up  of  crystalline 
particles  belonging  to  another  system. 

Carbonate  of  lime  crystallized  from  cool  solutions  takes  the  form  of 
Calcite,  but  if  their  temperature  exceed  1 50°  it  will  become  Arragonite. 
On  the  other  hand,  crystals  of  Arragonite  heated  by  a  spirit  lamp, 
decrepitate  and  fall  into  powder,  which  consists  of  grains  having  the 
form  of  Calcite. 

"  Iodide  of  mercury,  when  freshly  sublimed,  is  of  a  lemon  yellow- 
colour,  but  it  gradually  becomes  scarlet  as  it  cools,  or  suddenly  if 
vibrated  or  pressed,  or  if  the  siuface  of  a  mass  of  crystals  be  scratched 
with  a  pin.  A  similar  change  of  colour  is  obsei-vable  in  many  cases 
where  no  dimori)hism  has  been  traced,  because  the  substances  have  not 
crystallized  in  both  states.  Sidphide  of  mercury,  for  example,  obtained 
by  precipitating  a  salt  of  mercury  with  sulphide  of  hydrogen,  is  black, 
but  when  sublimed  it  constitutes  cinnabar,  which  in  powder  forms  the 
pigment  vermillion.  Tlie  change  in  colour  is  often  accompanied  by 
changes  in  other  properties,  and  such  changes  also  occur  witliout  any 
diange  of  colour. 

•  The  student  will  recollect  that  tlie  syllable  "di"  may  cither  mean  "twice"  or  "half," 
according  as  it  is  derived  from  Greek  or  Latin. 

t  Some  bodies  are  even  capable  of  assuming  three  incompatible  forms,  and  are  therefore 
said  to  be  trimorphous.    Of  these,  sulphate  of  nickel  is  an  example.— (W.  K.  S.) 
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Allotropmn. — ^^'This  mollification  in  the  properties  of  a  body,  not 
resulting  from  chemical  combination,  has  been  called  by  Berzeliiis 
allotropy  (from  the  Greek  "  allotropos/'  that  which  can  be  tume<l  from 
one  thing  into  another).  Dimorphism  is  merely  a  particular  case  of 
allotropism,  of  the  influence  of  which  many  other  examples  might  be 
given  <Ud  space  pennit 

"  The  glassy  structure  of  bodies  is  coimected  with  these  phenomena. 
Most  of  the  simple  silicates  of  lime,  iron,  etc.  (except  perhaps  the  very 
basic  silicates  of  lead),  even  when  formed  into  perfect  glass,  do  not 
retain  that  form,  a  crystalline  structure  being  developed  in  them.  But 
a  mixture  of  such  silicates  forms  true  glassy  masses,  which  remain 
permanently  in  the  glassy  state.  Even  in  these,  however,  if  kept  in  a 
soft  state  for  a  long  time  at  a  high  temperature,  a  species  of  crystalliza- 
tion takes  place,  which  is  termed  devitrification.  This  was  at  one  time 
supposed  to  be  the  result  of  a  8e])arate  crystallization  of  the  simple 
silicates,  but  is  probably  only  depending  on  the  allotropism  of  the 
mixture. 

"  The  amorphous  condition  of  bodies  would,  in  like  manner,  appear 
to  be  in  some  instances  connected  with  allotropism.  Many  substances 
which  are  classed  as  amorphous  exhibit  a  tendency  to  assume  globular 
structures,  which  may  perhaps  be  considered  a  third  form,  in  addition 
to  the  glassy  and  crystalline  states.  Thus,  for  instance,  carnelian, 
when  polished  and  plunged  into  liquid  hydrofluoric  acid,  is  acted  upon, 
and  its  surface  in  a  short  time  exhibits  the  concentric  layers  so  charac- 
teristic of  agates. 

"  A  peculiar  kind  of  allotropism  is  observed  among  several  metallic 
peroxides,  as  also  several  salts,  silicates,  etc.,  that,  after  being  heated  to 
a  certain  point,  they  cease  to  be  soluble  in  acids,  and  this  independently 
of  the  fact  of  those  that  are  hydrates  losing  their  water. 

"  This  seems  to  be  connected  with  the  fact  that  Silica,  for  instance, 
is  soluble  in  water  in  one  allotropic  state,  and  insoluble  in  another. 
It  has  quite  recently  been  discovered  that  even  alumina  and  sesqui- 
oxidc  of  iron  can  be  got  in  such  a  state  as  to  be  soluble  in  pure  water 
or  in  weak  acids,  while  at  the  same  time  they  are  insoluble  in  strong 
acids. — (See  Journal  of  Ch^m.  Soc.,  voL  vL  p.  217 — Walter  Cnmi's 
paper  on  ahmiina  ;  Pean  de  St  Gilles  on  iron,  Compt.  Rendus,  tom.  xl. 
pp.  568  and  1243.) 

""When  we  consider  these  facts,  and  reflect  on  the  numbers  of 
l)odies  that  are  susceptible  of  an  allotropic  condition,  and  recollect  that 
heat  is  evolved  as  a  body  passes  from  one  state  to  another,  especially,  if 
indeed  it  be  not  always,  in  passing  from  the  less  permanent  to  the 
more  stable  condition,  and  that  a  difference  of  specific  heat  exists  between 
different  allotropic  conditions  of  bodies,  we  cannot  help  believing  that 
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a  light  i»  dawning  upon  us  that  must  inevitably  modify  our  explana- 
tionB  of  the  chemical  phenomena  of  geology." — W.  K.  S. 

Metamorphi^m  from  "  meta"  signifying  change  and  "  morphe"  form, 
and  pseudomorphism  from  ^'pseudos"  false,  are  most  interesting  and 
important  ilivisions  of  this  subject,  but  they  will  be  considered  in  a 
future  place.  A  particular  kind  of  pseudomorphism,  called paramorpki»m , 
will  also  be  hereafter  aUuded  to,  and  in  connection  with  that,  the 
jyarapenesis  (from  "  para"  "  side  by  side  ^ith,"  and  "genesis"  generation) 
of  minerals  in  rocks. 


CHAPTER  II. 


ROCK-FORMINO  MINERALS. 


Let  UB  now  select  from  Table  L  the  following  fifteen  simple  sub- 
stances, which  are  more  especially  necessary  for  the  study  of  lithology, 
and  arrange  them  in  Table  IV.  with  their  symbols  and  equivalents. 

TABLE  IV. 


1 

Symbol. 

Simple  Substances. 

Equivalent  Number. 

1 

0 

Oxygen 

8.00 

2 

H 

Hydrogen 

1.00 

3 

C 

Carbon 

6.00            1 

4 

s 

Sulphur 

16.00 

5 

a 

Chlorine 

35.51 

6 

Si 

Silicon 

14.22 

7 

K 

PotAAsium 

39.17 

8 

Na 

Sodium 

23.21 

9 

Li 

Lithium 

6.54 

10 

Ba 

Barium 

68.53 

11 

Ca 

Calcium 

20.16 

12 

Mg 

Magnesium 

12.67 

13 

A1 

Aluminium 

13.69 

14 

Mn 

Manganese 

27.61 

15 

Fe 

Iron 

28.08 

Of  these  simple  substances  the  first  five  combine  variously  with 
each  other  and  with  the  other  ten  to  produce  various  primary 
compounds. 

In  what  follows  it  must  be  understood  that  the  attention  is  confined 
solely  to  those  substances  which  commonly  occur  in  rocks,  those  which 
are  truly  rock-constituents.  With  this  limitation  strictly  borne  in  mind 
we  may  say  that  No.  1  Oxygen  combines  with  all  the  rest,  one  after 
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another,  to  produce  the  most  common  substances  we  know,  all,  namely, 
except  the  last,  in  the  following  Table  V. 

Nos.  2  and  3,  Hydrogen  and  Carbon,  uncombined  with  Oxygen,  are 
found  only  in  organic  products,  and  in  those  mineral  substances  which 
are  derive<l  from  organic  products,  and  do  not  enter  into  combination 
with  any  of  the  rest  to  produce  rock-forming  minerals.  Sulphur  No.  4 
in  combination  with  iron  (bisulphide  of  iron,  iron  pyrites),  frequently 
occurs  in  rocks,  but  cannot  be  said  to  be  one  of  their  constituent 
minerals.  Chlorine  No.  5  is  found  in  combination  with  one  only  of 
the  succeeding  substances  to  produce  a  rock-forming  mineral,  namely, 
with  sodium,  to  produce  chloride  of  sodium  or  rock-salt. 


TABLE  V. 


Name  of 
Primary  Compound. 

Number  of  Equivalents  of 
Simple  SuDHtanuea. 

Symbol 
of  Com- 
pound. 

Equiva- 
lent of 
Com- 
pound. 

1.  Water  .... 

2.  Carbonic  acid 

1  of  oxygen 
2 

to  1  of  hydrogen 
1  of  carbon 

HO 
CO' 

9.00 
22.00 

3.  Suli)huric  acid    . 

4.  Silicic  acid  (or  ) 

Silica)    .     .  j 

5.  Alumina  .     .     . 

3 
2 
3 

1  of  sulphur 

1  of  silicon 

2  of  aluminium 

SO' 

SiO» 

APO» 

40.00 
30.22 
61.38 

6.  Peroxide  of  iron 

3 

2  of  iron 

Fe'O* 

80.16 

7.  Potash       .     .     . 
'  8.  Soda    .... 

1                       }f 
*                       ft 

1  of  potassium 
1  of  sodium 

KO 
NaO 

47.17 
31.21 

0.  Lithia  .... 

1                       ft 

1  of  lithium 

LiO 

14.54 

10.  Baryta      .     .     . 

*■                       tt 

1  of  barium 

BaO 

76.53 

11.  Lime    .     .     .     . 

^                       tf 

1  of  calcium 

CaO 

28.16 

12.  Magnesia  .     .     . 

1 3.  Protoxide      of  ) 

manganese  .  j 

1 4.  Protoxide  of  iron 

*•                      tf 

1                 H 

1  of  magnesium 
1  of  manganese 
1  of  iron 

MgO 
MnO 
FeO 

20.67 
35.61 
36.08 

'  15.  Rock  salt   (or  | 

Cniloride    ofV 

1  of  chlorine  to  1  of  sodium 

aNa 

58.72 

sodiimi) .     .  j 

By  examination  and  comparison  of  the  two  Tables  IV.  and  V.,  it  will 
be  seen  that  the  first  five  substances  of  Table  IV.  are  the  active  sub- 
stances which  can  combine  directly  with  others.  The  other  ten  do  not 
enter  into  combination  with  each  other  until  they  have  first  been 
vivified,  as  it  were,  by  a  union  with  the  most  active  substance  Oxygen. 
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Even  then  the  simple  oxides  do  not  combine  with  each  other,  but  only 
with  those  substances  as  Silica,  which  have  received  at  least  a  double 
dose  of  Oxygen  (or  are  deutoxides),  or  more  feebly  and  rarely  with 
the  sesquioxides,  as  Alimiina. 

Even  among  those  first  five,  combinations  with  Oxygen  are  more 
frequent  than  those  with  the  other  four,  and  more  firm  in  proportion 
to  its  quantity.  Combinations  with  water  (H  O)  for  instance,  are  more 
frequent  than  those  with  hydrogen,  those  with  carbonic  acid  (C  0^ 
more  frequent  than  those  with  carbon,  and  the  carbonates  are  decom- 
posed by  the  action  of  sulphuric  acid  (S  Og)  much  more  readily  tlian 
the  sulphates  by  carbonic  acid. 

In  the  preceding  Table  V.  will  be  found  a  list  of  all  those  primary 
compounds  (or  compounds  of  two  elementary  substances),  a  knowleilge 
of  which  is  essential  for  lithological  purposes,  together  with  the  number 
of  the  equivalents  of  the  simple  substances  of  which  they  are  com- 
pounded, the  symbols  representing  those  equivalents,  and  the  resulting 
equivalents  of  the  compounds. 

Every  mineral  which  enters  as  an  essential  constituent  into  the 
composition  of  rocks  is  either  one  of  the  simple  substances  contained  in 
Table  IV.,  one  of  the  primary  compounds  mentioned  in  Table  V.,  or 
lastly,  a  secondary  compcuiid  or  salt  made  up  of  the  miion  of  two  or 
more  of  those  primary  compounds,  or  a  mixture  of  such  salts.  The 
following  descriptions  include  all  the  most  important  species. 

Minerals  fobmed  of  Simple  SuBSTANOEa 

Of  the  simple  substances  contained  in  Table  IV.,  two  only  are  ever 
found  as  minerals,  namely,  Carbon  and  Sulphur. 

1.  Carbon  Yfhffti  crystallized  in  the  first  system  forms  the  diamond; 
when  in  an  allotropic  state  it  crystallizes  in  the  third  system,  it  forms 
yraphite  or  plutnhago.  It  is,  however,  only  when  found  in  an  amoqihous 
state  as  a  constituent  of  coal  that  we  need  notice  it  for  the  purposes  of 
lithology. 

2.  Sulphur  is  found  crystalline  in  minute  octahedrons  about  vol- 
canoes, but  pure  sulphur  never  occurs  as  one  of  the  uncombined  consti- 
tuents of  rocks.  It  belongs  to  the  fourth  system,  its  specific  gravity 
being  1.9  to  2.1. 

Minerals  formed  of  Pbimart  Compounds 

Of  the  compoimd  substances  mentioned  in  Table  V.,  Silica  and 
Rock-salt  only  occur  in  nature  as  rock-forming  minerals. 

3.  Quartz  is  formed  of  pure  silica  (Si  0').     Its  crystals  belong  to 
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the  third  system,  their  most  usual  form  being  a  six-sided  prism  ending  in 
six-sided  pyramids.  It  also  frequently  occurs  in  an  amorphous  state  as  a 
hard,  compact  stone,  conmionly  milk  white.    Its  specific  gravity  is  2.66. 

Bock  crystal,  Bristol,  and  Irish  diamond,  etc.,  are  common  names 
for  crystallized  quartz. 

When  coloured  by  slight  admixtures  of  other  substances,  as  iron, 
manganese,  etc.,  quartz  goes  under  various  names,  according  to  the 
variety  and  an-angement  of  colours,  state  of  transparency,  etc. 

When  purple,  it  is  called  amethyst;  smoky  quartz  is  cairngorm; 
blue  quartz  is  siderite;  green  quartz,  prase;  when  yellow  it  is  some- 
times called  Scotch  or  Bohemian  topaz.  Agate,  jasper,  camelian,  onyx, 
sardonyx,  catseye,  Lydian-^tone,  bloodstone,  chert,  and  fint,  are  other 
forms  of  quartz. 

Opal  is  hydrated  silica,  t.  e,,  having  water  chemically  combined  with 
the  silica,  MenilUe  and  Cacholony  are  varieties  of  it ;  and  chalcedony  is  a 
mixture  of  quartz  and  opaL 

Siliceous  sinter  is  an  opaline  silica  deposited  on  the  margins  of  some 
hot  springs,  having  been  dissolved  in  the  water. 

4.  Rock-salt  (Na  CI)  occurs  in  large  masses  in  some  localities,  in 
beds  or  veins.  It  is  either  amorphous,  or  more  or  less  completely  crys- 
talline ;  the  primary  form  of  the  cr}'8tal  being  a  cube,  and  therefore 
belonging  to  the  first  system.     Its  specific  gravity  is  2.1  to  2.2. 

Corundum  or  crystalline*  alumina,  and  specular  iron  or  crystalline 
sesquioxide  of  iron,  would  come  under  this  head,  but  cannot  be  called 
constituents  of  rocks. 

Red  haematite,  however,  or  the  amorphous  condition  of  sesquioxide 
of  iron  (Fe,  O,)  seems  itself  in  some  places  to  occur  as  a  rock, — (See 
Mem^.  Geol.  Survey,  Iron  Ores  of  Qreai  Brit. :  Mr.  Smyth^s  Observations 
on  the  Hceniatite  of  Cumberland). 


Minerals  composed  op  a  Salt  or  a  mixture  op  Salts. 

We  shall  take  these  in  the  following  order,  namely — 1st,  the  com- 
binations with  Carbonic  acid ;  2d,  those  with  Sulphuric  acid ;  and 
lastly,  those  with  Silicic  acid. 

Carbonates. — Of  the  carbonates  there  are  two  only  which  are  of 
importance  for  our  purpose,  namely,  those  of  lime  and  magnesia,  to 
which  one  of  iron  may  be  added. 

5.  Carbonate  of  Lime,  Calcspar  or  Calcite,  is  a  very  abundant  mine- 
nil.     It  is  a  mono-carbonate,  or  composed  of  one  equivalent  of  lime 

*  When  the  crystal  of  Alumina  (Al*  O*)  is  red  it  forms  the  ruby,  when  blue,  the  sapphire, 
en  in  powder,  it  is  called  emery. 
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and  one  of  carbonic  acid  (Ca  0,  CO*) ;  the  bicarbonate  of  lime,  wliich 
would  be  symbolised  as  Ca  0,  2  CO',  not  being  definitely  known. 

Its  chemical  composition  is —  Percentage.  Equiv.  At. 

Carbonic  acid         .  43.87         22.00  1 

Lime 56.13         28.16  1 


100.00         50.16 

Its  primary  crystal  is  a  rhombohedron,  belonging  to  the  third  system, 
but  the  modifications  of  this  form  are  very  numerous,  particular  forms 
of  crystals  being  often  peculiar  to  particular  localities.  Count  Boumon 
pabliBhed  a  work  containing  700  forms  of  crystals  of  calcite,  of  which, 
however,  not  more  than  about  56  are  essentially  distinct  from  each 
other.  It  is  sufficiently  soft  to  be  scratched  with  a  knife,  and  it  effer- 
vesces freely  with  any  mineral  acid,  even  when  very  dilute.  Its  spe- 
cific gravity  is  about  2.7. 

When  carbonate  of  lime  dissolves  in  water  holding  CO*  (carbonic 
acid),  a  bicarbonate  is  supposed  to  be  formed,  but  on  the  evaporation  of 
the  water  the  CO*  also  escapes,  and  the  simple  carbonate  alone  remains. 
If  bicarbonate  of  lime  be  really  produced,  it  seems  to  be  incapable  of 
assuming  a  solid  foruL  Sir  R  Kane  (Elements  of  Chemistr}',  p.  696, 
2d  edit.)  says  the  solution  of  carbonate  of  lime  in  water  containing  car- 
bonic acid  is  not  due  to  the  formation  of  a  bicarbonate  of  lime,  but  to  a 
specific  solvent  power  which  a  solution  of  carbonic  acid  in  water  has 
on  many  bodies,  as  siliai,  phospliate  of  lime,  etc.,  which  are  insoluble 
in  pure  water.  Bischof  (vol.  iiL  p.  171)  says  that  carbonate  of  lime  dis- 
solved in  water  containing  carbonic  acid  gas  is  probably  in  the  state  of  a 
sesquicarbonate,  and  the  same  with  dissolved  carbonate  of  magnesia. 

6.  Arragonite  is  the  same  substance  in  a  different  form,  the  crystals 
belonging  to  the  fourth  system,  and  having  many  secondaiy  forms. 

It  is  rather  harder  than  calcite,  and  its  specific  gravity  rather  greater, 
being  sometimes  as  much  as  3.  It  not  unfrequently  contains  a  small 
proportion  of  strontia. 

The  importance  of  arragonite  as  a  constituent  of  rocks  is  very  slight 
compared  with  that  of  calcite. 

7.  Magnesitey  or  Carhotiate  of  Magnesia,  is  composed  of  one  equiva- 
lent of  carbonic  acid  and  one  of  magnesia  (==  Mg  0,  CO'),  its  normal 
composition  being — 

Percentage.         Equlv.  At. 

Carbonic  acid  ....         52.38         22.00  1 

Magnesia  ....         47.62         20.10         1 

100.00         42.10 
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ThiB  is  by  no  means  an  abundant  or  important  mineral,  carbonate 
of  magnesia  usually  occurring  in  combination  with  carbonate  of  lime  to 
form  the  mineral  called — 

8.  Dolomite  (from  M.  Dolomieu),  Bitter  Spar,  Broimi  Spar,  Pearl 
Spar,  or  Magnesian  Limestone. 

The  chemical  composition  of  this  mineral  varies  according  to  the 
proportions  of  the  two  carbonates  which  are  mingled  in  it  Its  normal 
composition  may  be  stated  as  Ca  0,  CO*  +  Mg  0,  CO*,  giving  the  fol- 
lowing percentage — 

Carbonate  of  lime  ....         64.3 

Carbonate  of  magnesia  ....         45.7 


100.0 
But  the  proportions  vary  greatly,  and  often  indefinitely. 

Its  liardness  and  specific  gravity  are  not  greatly  different  from  those 
of  calcite,  and  its  primary  crystal  is  also  rhombohedric  (third  system) ; 
but  dolomite  may  be  often  distinguished  from  calcite  by  its  peculiar 
pearly  lustre,  and  by  the  comparative  difficulty  and  slowness  with  which 
it  effervesces  in  acids. 

9.  Chalf/hite  (from  Chalybs,  a  Greek  word  for  iron).  Spathic  iron 
ore,  iron  sjxir,  or  sphcero-siderite,  is  a  monocarbonate  of  protoxide  of 
iron  or  Fe  0,  COj,  having  the  following  percentage  : — 

FeO 61.4 

CO, 38.6 


100.0 

It  is  hanler  tlian  calcite,  with  a  specific  gravity  of  3.83  or  3.87.  It 
is  isomori)hous  with  calcite.  Its  crystals  belong  to  the  third  system.  It 
is  mentioned  here  aa  forming  a  constituent  of  the  rock  known  as  clay 
ironstone,  in  which  it  is  mingled  with  clay  in  an  amorphous  state. 

Sulphates. — The  only  sulphate  which  is  of  any  importance  as  a 
constituent  of  rocks  is — 

10.  Gi/psum  (gypsos  is  the  Greek  word  for  this  substance),  or  Sul- 
pluite  of  Lime. — Tlie  chemical  composition  of  this  mineral  is  one  equi- 
valent of  lime,  one  of  sulphuric  acid,  and  two  of  water,  being  a  biliy- 
drated  sulphate  of  lime.  Its  nonnal  formula  is  Ca  O,  SO'  +  2  HO, 
giving  the  following  i^rcentage — 

Lime  ......  32.56 

Sulphuric  acid    .....         46.51 

Water 20.93 


100.00 
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Its  cr}'8talline  system  is  the  fifth  or  ohliiiue  prismatic  It  also  fre- 
quently occurs  fibrous,  granular,  or  com})act.  It  is  softer  than  calcspar, 
and  itfl  specific  gravity  is  about  2.3.*' 

Compact  white  g^'psum  is  called  alabaster  ;  the  transparent  crystals 
are  called  selenite. 

1 1.  Anhydrite  (from  the  Greek  "  a  "  or  "  an  "  without,  and  "  hydra  ** 
water),  is  sulphate  of  lime  without  water,  its  formula  being  Ca  0,  SO*, 
which  gives — 

Lime  ......         41.18 

Sulphuric  acid    .....         58.82 

100.00 

It  is  harder  and  heavier  than  true  gypsum.  Its  cr}'stals  are  called 
Mariacite, 

The  combinations  of  lime  and  magnesia  with  gaseous  carbonic  acid 
may  take  place  at  the  ordinary  temperatures  of  the  air,  either  directly 
from  the  atmosphere  or  through  the  medium  of  water,  and  that  of  lime 
with  liquid  sulphuric  acid  at  any  ordinary  temi)erature, 

SiucATES. — In  order  to  induce  the  solid  silicic  acid,  or  Silica,  how- 
ever, to  enter  into  combination  with  any  of  the  bases,  it  is,  in  the 
majority  of  cases,  necessary  that  the  two  be  mingled  together  in  a  fine 
state  of  division,  and  be  subjected  to  a  very  high  temperature. 

For  the  production  of  the  artificial  silicates,  glass  and  porcelain,  the 
heat  of  a  furnace  is  necessary.  It  is  useful  to  remember  this  fact  when 
examining  the  great  group  of  the  natural  silicates. 

The  silicates  of  potash  and  so<la  which  are  the  bases  of  artificial 
glass,  do  not  occur  alone  as  natural  minerals,  though  they  enter  into 
the  composition  of  many. 

Silicate  of  lime,  however,  occurs  both  as  a  detached  simple  mmeral 
called  WoUastonite  (after  Dr.  Wollaston),  or  Tabular  Spar,  and  as  a 
constituent  of  other  minerals. 

The  silicates  of  magnesia  form  minerals,  which  are  of  more  import- 
ance for  our  purpose,  of  which  the  four  following  may  be  described — 

12.  Chryiolite  (from  "chrysos,"  gold,  and  "lithos,"  stone),  aivd  Olivine, 
consists  of  two  equivalents  of  magnesia  to  one  of  silica,  having  the 
normal  formula  2  Mg  0,  Si  0*,  which  gives  the  percentage- — 

Magnesia 56.34 

Silica 43.66 


100.00 


*  The  gfpmoTiM  alabaster  muit  not  be  confomided  with  the  true  or  Oriental  alabaster, 
whieh  is  a  species  of  stalactitic  carbonate  of  lime.~W.  K.  8. 
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The  crystalline  system  is  the  fourth  or  right  prismatic  The  speciiic 
gravity  about  3.4,  harder  than  felspar,  transparent,  generally  of  a 
yellowish-green  colour.  It  is  infusible  before  the  blow-pipe.  Some  of 
the  magnesia  is  commonly  replaced  by  iron,  sometimes  as  much  as  15 
per  cent. 

1 3.  Serpentine  (noble  serpentine)  has  three  equivalents  of  magnesia 
to  two  of  silica  and  two  of  water,  having  the  normal  formula  3  Mg  O, 
2  Si  0»  +  2  HO,  or  2  (Mg  0  Si  O*)  +  (Mg  O,  2  HO),  giving  the  pro- 
portions— 

Magnesia    ......         42.86 

Silica 44.28 

Water 12.86 


100.00 

Speciiic  gravity  2.55,  hard  as  calcspar,  translucent,  generally  of  a 
green  colour  and  waxy  lustre.  Fuses  at  the  edges  before  the  blow- 
pipe to  a  white  enamel. 

Variegated  Asbestos  has  the  same  composition. 

Schillerspar  and  Ficrosmine  have  nearly  the  same  composition  as 
Serpentine. 

14.  Talc  is  formed  of  five  equivalents  of  silica  with  four  of  mag- 
nesia. Its  normal  formula  may  be  stated  as  2  (Mg  0  Si  0*)  +  (2  Mg 
O,  3  Si  O^,  giving  the  following  percentage — 

Magnesia    ......  34.04 

Silica 65.96 


100.00 

It  occurs  in  rhombic  and  six-sided  tabular  crystals  belonging  to  the 
third  system  ;  specific  gravity  about  2.7,  softer  than  gypsum,  translucent, 
pearly  lustre,  unctuous  touch.  Splits  into  laminae  before  blow-pipe, 
and  hardens  without  fusing. 

1 5.  Steatite  (from  "  stear,"  fat),  or  Soapstone,  has  four  equivalents  of 
silica  to  three  of  magnesia,  or  Mg  0,  Si  0>  +  2  Mg  O,  3  Si  0*,  giving — 

Magnesia    ......  32.61 

SiUca 67.39 


100.00 

Specific  gravity  2.6,  soft,  unctuous,  slightly  translucent  Before 
blow-pipe  fuses  at  edges  to  white  enameL 

The  foUowing  silicates  of  magnesia  and  lime  are  of  still  higher  im- 
portance. 
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16.  Augite,  or  Pyroxene  (from  "  pyr,"  fire  and  "  xenos,"  a  guest),  is 
most  probably  a  monosilicate  of  magnesia  and  lime — that  is,  it  contcdns 
two  equivalents  of  silica  to  one  of  magnesia  and  one  of  lime,  baying  the 
normal  fonnula  Ca  0,  Si  0*  4-  Mg  0,  Si  0*,  which  would  give  the  per- 
centage— 

Magnesia 18.18* 

Lime 25.46 

Silica 66.36 


100.00 


Its  crystalline  system  is  the  fifth  or  oblique  prismatic.  Specific 
gravity  about  3.4,  hardness  rather  less  than  feldspar.  Fuses  with 
various  degrees  of  facility  according  to  composition,  the  magnesia  being 
often  replaced  to  a  large  extent  by  protoxide  of  iron. 

DiaUage,  or  Bromittj  has  a  similar  composition,  but  the  bases  are 
more  numerous  and  variable,  and  there  is  generally  present  1  to  4  per 
cent  of  alumina,  and  from  i  to  4  per  cent  of  water. 

Hypersthene  is  also  like  Augite  in  its  chemical  composition,  but  has 
commonly  less  lime. 

17.  Hornblende^  or  Amphibole  (from  the  Greek  word  "  amphibolos," 
doubtful),  is  a  compound  of  6  equivalents  of  silica  to  5  equivalents  of 
base  ;  having  the  fonnula  3  (Mo,  Si  0*),  -f  2  Mo,  3  Si  0*,  where  the  base 
Mo  denotes  a  variable  mixture  of  magnesia  and  lime,  and  the  protoxides 
of  iron  and  manganese. 

AliiTninn.  is  often  present  either  as  an  aluminate  of  magnesia,  or  an 
almninate  of  iron ;  not  imfrequently  fluoride  of  calcium  also  occurs. 
The  composition  varies  much,  within  certain  limits,  as  may  be  seen  from 
the  following  three  analyses  given  by  Gmelin  : — 


lime 

13.19 

9.82 

14.41 

Magnesia  . 

18.84 

12.85 

15.44 

Iron,  protox. 

7.77 

19.19 

9.0& 

Silica 

46.63 

60.71 

47.86 

Alumina   . 

12.10 

7.01 

13.24 

Fluoric  acid 

1.67 

0.42 

100.00   100.00    100.00 

*  Axudysei  by  Wackenroder,  Bonsdorf,  and  Roae,  come  irafflciently  near  to  thin  normal 
fonrala  to  wanant  oa  in  stating  it  as  a  good  theoretical  idea  of  augite.  In  fact,  both  lime 
and  iif^g"^*"**  are  vaiioasly  replaced  by  oxides  of  manganese  and  iron.  Many  augitea  also 
contain  ahimina,  and  may  then  be  looked  on  as  mixtures  of  (say)  6  atoms  of  true  augite  with 
one  of  aoitfe  kind  of  garnet 
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Crystalline  system  the  fifth  or  oblique  priematic.  Specific  gravity 
about  3.2  Hardness  less  than  feldspar.  Colour  dark  green,  almost 
black  sometimes.  Before  blow-pipe  readily  swelling  up,  and  fusing  to 
a  dark  glass. 

TremoUte  has  a  similar  composition ;  a  specific  gravity  of  2.93,  and 
fuses  with  difficulty  to  a  adourless  glass. 

Actiiwlite,  similar  composition  ;  specific  gravity  3.03  ;  coloured  green 
by  chromium  and  iron. 

AntfwphylUte,  similar  composition  ;  specific  gravity  3.2  ;  fuses  witli 
great  difficulty  to  a  blackish-gray  glass. 

Ordiiuxry  Asbcfttos,  Amianthus  (Greek  words  signifying  "  indestruc- 
tible" and  "  unpollutable"),  Wood-iuhestos^  Petrified  Cork,  BysaoUte,  etc., 
consist  of  tremolite,  actinolite,  or  common  hornblende,  in  a  very  fine 
fibrous  state. 

"  When  one  atom  of  lime  is  fused  with  one  atom  of  magnesia  and 
two  atoms  of  silica,  or  one  at(mi  of  lime  with  two  atoms  of  magnesia  and 
six  of  silica,  and  the  mass  very  slowly  cooled,  it  crystallizes  in  the  form 
of  augite.  The  first  mixture  yields  a  mass  resembling  ordinary  augite  ; 
the  latter  a  mass  like  augite  from  Finland.  In  the  cavities  of  a  slag 
from  an  iron  furnace,  fed  with  a  hot  air  blast,  Noggerath  found  artificial 
crj'stals  of  augite." — Gmelin,  vol.  iiL  p.  402. 

"  G.  Rose  (Pogg.  22, 321)  considers  that  augite  and  hornblende  belong 
to  the  same  class,  and  for  the  following  reasons  : — the  angles  of  either 
of  these  minerals  may  be  reduced  to  those  of  the  other  ;  crystals  are 
found  in  the  form  of  augite  with  the  cleavage  of  hornblende  ;  when 
crystals  of  hornblende  and  augite  have  grown  together,  their  axes  are 
parallel  ;  the  specific  gravity  and  composition  of  the  two  minerals  are 
identical  ;  if  the  fused  mass  is  rapidly  cooled,  it  assumes  the  appearance 
of  augite,  and  if  cooled  slowly,  it  seems  te  crystallize  in  the  form  of 
hornblende.  When,  therefore,  both  are  found  together,  the  hornblende 
surrounds  the  crystals  of  augite,  wliich  are  the  first  produced.  From 
this  ciiuse  horablende  is  accomi)anied  by  quartz,  feldspar,  albite,  and 
other  minemLi<  which  are  formed  by  the  slow  cooling  of  molten  masses ; 
augite,  on  the  contrary,  is  found  with  olivine,  wliich  crystallizes  by 
rapid  cooling.  For  the  same  reason,  slags,  from  being  too  quickly 
cooled,  yield  only  cr^'stals  of  augite.  According  to  Mitscherlich  and 
Berthier,  also  the  fusing  together  of  lime,  magnesia,  and  silica,  yields 
white  crystals  of  augite,  but  none  of  hornblende  ;  and  even  tremolife, 
fused  by  Mitscherlich  and  Berthier  in  a  charcoal  crucible,  or  actinolite, 
by  G.  Rose,  in  a  platiimm  cnicible  in  a  potter's  furnace,  solidified  to  a 
mass  consisting  of  distinct  crystals  of  augite — (G.  Rose).  It  is  remark- 
able that  hoi-nblende  is  always  richer  in  silica  than  augite." — Omelitiy 
H.  B.,  vol.  iii.  p.  408.  • 
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VraUU. — ^'  Scheerer  has  used  the  law  of  paramoq^hic  pseiido- 
niOTphigm  to  explain  the  stnicture  of  tlii^  mineral,  which,  with  the 
compodtion  of  hornblende,  hiw  the  external  form  of  auj^ite,  and  very 
often  a  crystal  of  true  angite  within  it,  while  the  external  layer  exhibits 
the  deavage,  and  all  other  properties  of  hornblende." — W.  K.  S. 

The  silicates  of  alumina  are  a  still  more  im])<)rtant  and  numerous 
class  than  those  of  magnesia,  es|>ecially  those  which  are  combined  with 
silicates  of  potash,  soda,  lime,  magnesia,  etc 

CoUyriU  and  Opaline  Allophane  are  hydrated  silicates  of  alumina,  in 
which  there  is  one  equivalent  of  silica  to  two  of  alumina. 

18.  Aiuhlnsife  and  ChiastoUte  (andalusite  from  "  Andalusia"  ; 
chiartoUte  from  the  Greek  letter  "  chi,"  which  it  resembles  in  form), 
are  anhydrous  silicates  of  alumina,  andalusite  having  the  normal  formula 
Al*  0",  Si  0*,  and  the  percentage  of — 

Alumina    ......         62.38 

Silica 37.62 


100.00 


Crystals  right  rhombic  prisms  of  the  fonilh  system.  Si>ecific 
praTity,antlalusite,  about  3.1  ;  cbiastolite,  about  3.0.  Andalusite  harder 
than  quartz  ;  chia^stolite  softer  than  feldspar.     Infusible. 

19.  StanroUie  (from  "  stauros"  a  cross,  and  "  litlios "  stone),  has 
two  e(piivalent8  of  silica  to  three  of  alumina  ;  one  of  the  latter,  how- 
ever, being  generally  replaced  by  one  of  peroxide  of  ijon.  Its  normal 
formula  is  2  Al'  0',  Fe''  O*  +  2  Si  O^  giving  the  i)ercentage  of — 

Sesquioxide  of  iron         .  .  .  .  17.6 

Alumina       .  .  .  •  f)\A 

Silica  .         .  .  .  .  •  .  31.0 


100.0 


It  belongs  to  the  fourth,  or  rij^ht  jirisniatic  system  of  crystallization. 

Tlie  crj'stals  frtMjuently  intersect  cjich  other  in  the  fonn  of  a  cross, 
wLtnre  \U  name.  Si)ecific  gravity  3.5  to  3.8  ;  harder  than  (juartz. 
Translucent ;  dark  red,  or  brown.     Fuses  at  the  edges  to  a  black  sbig. 

C%,  when  i>ure,  is  a  hydrated  bisilicate  of  alumina. 

Bole  is  the  same,  with  i)art  of  the  alumina  rejdaced  by  peroxido  of 

iiT-n. 

We  i>ass  ovor  several  minerals  which  occur  rarely  or  iu  unimpor- 

lant  qnantitie-!,  and  come  to 

20.   Chlorite  (from  "  clilcros,"  i^n^en  like  a  growing  j^lant,,  which  is 
•i  conqiound  of  four  e(piivalent<  of  silicate  of  magnesia  with  1  of  silicate 
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of  alumina  and  3  of  water.     Its  normal  formnla  is  4  Mg  0,  Si  O* 
+  Al'  0\  Si  0'  +  3  HO,  giving— 

Magnesia 


Protoxide  of  iron 

Alumina 

Silica 

Water 


25.47 
14.94 
21.81 
26.32 
11.46 


100.00 

Crystalline  system  the  third  or  rhombohedral.  Specific  gravity 
about  2.8  ;  soft,  dark  green,  nearly  infusible. 

21.  Biotite,  Uniaxal  or  Magnesia  Mica,  lias  a  similar  composition 
for  its  principal  varieties.  The  following  gives  the  composition  de- 
duced from  some  analyses — 

Potash 8.44 


Magnesia    .... 

16.14 

Protoxide  of  iron 

13.46 

Peroxide  of  iron 

6.67 

Alxmiina    .... 

13.10 

Silica         .         .         .         .         . 

42.19 

100.00 

Crystalline  system  the  third  or  rhombohedral.  Specific  gravity 
about  2.8  ;  hardness  between  gypsimi  and  calcspar.  Dark  green  or 
brown,  inclining  to  black  ;  translucent  Fuses  pretty  easily  to  a  semi- 
opaque  glass. 

Orthite  has  a  somewhat  similar  composition,  but  contains  a  very 
variable  quantity  of  water. 

22.  Vesuvian,  or  Idocrase^  is  a  silicate  of  lime,  combined  with  a 
silicate  of  alumina,  having  the  formula  3  Ca  O,  2  Si  0*  +  Al*  O",  Si  O*, 
some  of  the  lime  being  replaced  by  magnesia  and  protoxide  of  iron, 
giving  the  following  analysis — 

Lime 32.26 


Magnesia    . 
Protoxide  of  iron 
Alimiina    . 
Silica 


2.43 

3.80 

19.93 

40.58 

99.00 


It  belongs  to  the  second,  or  square  prismatic  system.  Specific 
gravity  =  3.3  to  3.4  ;  harder  than  feldspar.  Transparent,  yellowish- 
green,  swells  up  and  readily  fuses  before  blow-pipe. 
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23.  Oamet  is  similar  in  composition  to  Vesuvian,  but  is  dimorphous 
Mrith  it,  belonging  to  the  first  or  regular  system  of  crystallization.  Both 
the  lime  and  the  alumina,  however,  in  the  formula  for  Vesuvian,  may 
be  replaced  by  magnesia,  manganese,  and  -  iron,  and  the  analyses  vary 
accordingly.  We  have,  therefore,  calcareaiu-alumina  garnet^  which  pre- 
dominates in  Cinnamon  stone  ;  magnegio-alumiiia  garnet  in  the  black 
garnet  of  Arendal ;  manganesio-alumtna  garnet  in  a  North  American 
variety,  and  one  from  Brodbo  ;  ferrugincms  alumina  garnet  in  Oriental 
Almandine  and  other  red  varieties  of  precious  garnet ;  and  calcareoun 
iron  garnet  in  the  ordinary  yellow,  brown,  and  black  garnets,  and  in 
Ifelanite. 

Specific  gravity  varies  from  3.4  to  4.3,  rather  harder  than  (|uartz, 
transparent,  of  various  colours,  fuses  readily  into  a  tnuL^parent  gloss. 

24.  Epidote  has  three  equivalents  of  protoxide  bases  to  two  e({uiva- 
lents  of  alimiina,  having  the  formula  3  (Ca  0,  Mg  0,  Mn  0,  Fe  O),  2 
Si  0"  +  2  (Al«  0«,  Si  0«). 

The  protoxide  base  is  lime  in  Zoisite  or  calcareous  epidote,  replaced 
in  large  measure  by  iron  in  Pistacite  or  ferruginous  epidote,  and  by 
protoxide  of  manganese  in  manganesian  epidote.     In  the  two  latter, 
part  of  the  alumina  is  also  replaced  by  the  peroxides  of  manganese  and 
iron.     Epidote  has  for  its  primary  crystal  a  right  rhomboidal  prism, 
(fourth  system).     Its  specific  gravity  is  3.0  to  3.5  ;  harder  than  feld- 
spar ;  fusible  before  the  blow-pipe. 

26.  Prehnite  has  two  equivalents  of  a  silicate  of  lime  to  one  of  a 
silicate  of  alumina  and  one  of  water,  or  2  (Ca  O,  Si  0^)  +  Al*  C,  Si 
O*  +  HO,  giving— 

Lime  ......         26.74 

Alumina     ......         24.55 

Silica 44.41 

Water 4.30 


100.00 

It  appears  then  that  Prehnite  is  a  hydiated  Epidote. 

Crystalline  system  the  fourth  or  rhombic,  specific  gravity  2.92, 
harder  than  feldspar,  translucent,  of  a  light  colour,  fuses  to  a  blistered 
glass. 

Bfany  varieties  of  nniaxal  or  magnesia  mica  appear  to  have  a  some- 
what similar  composition,  the  protoxide  bases  being  Mg  0,  KO,  Ca  O, 
Fe  O.  It  has  not  been  yet  satisfactorily  shewn  whether  the  water 
which  mica  contains,  is  an  essential  constituent ;  the  same  remark 
applies  to  the  fluoride  of  caldum  which  it  also  contains. 

26.  Scapolite,  or  Wemerite,  is  Ca  O,  Si  0*  +  Al' O",  SiO",  that  is, 
a  silicate  of  alumina  with  a  silicate  of  lime,  giving  the  percentage — 

C2 
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Lime 

Alumina 

Silica 


19.80 
36.35 
43.85 

100.00 


Ciystalline  system  the  second  or  square  prismatic.  Specific  gravity 
2.7  ;  softer  than  feldspar.  Colourless  and  translucent  Fuses  before 
blow-pipe. 

Anorthite  has  a  similar  composition  ;  small  portions  of  the  lime 
being  replaced  by  potash,  soda,  and  magnesia. 

Palagonite  is  an  amorphous  highly  hydrated  Scapolite. 

27.  RhyacoUte  (from  "rhyax,"  a  stream,  i.e.  of  lava)  consists  of  one 
equivalent  of  silicate  of  potash,  soila,  or  lime,  and  one  of  a  silicate  of 
alumina ;  or  (KO,  Na  0,  Ca  0)  Si  0*  +  Al*  0",  2  Si  0",  giving  the 
percentage — 

Potash 6.58 


Soda 
Lime 
Alumina 
Silica 


11.60 

1.30 

28.66 

51.86 


100.00 

Its  crystalline  system  is  the  fifth,  or  oblique  prismatic.  Specific 
gravity  =  2.6.  Before  the  blow-pipe,  fuses  rather  more  readily  than 
feldspar  (orthoclase). 

28.  Finite  has  one  equivalent  of  silicate  of  potash,  or  protoxide  of 
iron,  to  one  of  bisilicate  of  alumina,  and  also  contains  water  ;  or  (KO, 
Fe  0)  Si  0*  +  Al'  0',  2  Si  0"  +  HO,  giving— 

Potash 12.42 


Protoxide  of  iron 
Alimuna     . 
Silica 
Water 


9.26 
27.04 
48.92 

2.36 


*   100.00 

Pinite  then  is  hydrated  Rhyacolite. 

Its  crystalline  system  is  the  third  or  hexagonaL  Specific  gravity 
2.8.  Softer  than  orthoclase  ;  slightly  translucent  Becomes  colourless 
before  blowpipe,  and  fuses  at  edges  to  blistered  glass. 

29.  Lahradorite  consists  of  one  equivalent  of  silicate  of  soda,  three 
of  silicate  of  lime,  and  four  of  a  silicate  of  alumina  ;  or  Na  O,  Si  O  + 
3  (Ca  0,  Si  0")  +  4  (Al«  C,  Si  0\  giving— 
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Soda 4.50 

lime 12.13 

Alnmiiut 29.68 

Sllicft         ......  53.69 


100.00 


GzyBtalline  syBtem  the  Bixth^  or  doubly  oblique  prismatic.  Specific 
gisyity  about  2.7.     Fuses  rather  more  readily  than  orthodase. 

30.  Tkcmuonitef  or  Camptonite,  is  exactly  the  same  in  composition, 
but  containing  a  large  proportion  of  water^  so  that  its  normal  formuk 
is  given  as  NaO,SiO",  +  3  (CaO,  Si'O)  +  4  (Al'O",  SiC)  +  8  HO, 
that  is,  1  equivalent  of  silicate  of  soda,  3  of  silicate  of  lime,  4  of  silicate 
of  alumina,  and  8  of  water. 

Fourth  or  rhombic  system.  Specific  gravity  2.3.  Harder  than 
fluor-spar.  Transparent  Swells  up  before  blow-pipe,  becomes  opaijae, 
and  fuses  at  edges  to  white  enamel 

Thomsonite  then  is  hydrated  Labradorite. 

31.  Leucite,  from  "leucos"  white,  has  one  equivalent  of  silicate  of 
potash,  and  one  of  silicate  of  alumina,  or  KO,  Si  0'  +  Al'  0*,  3  Si  0*, 
giving — 

Potash 21.20 

Alumina    ......         23.09 

Silica 55.71 


100.00 


It  belongs  to  the  first  or  regular  system  ;  has  a  specific  gravity 
about  2.4  ;  a  hardness  rather  less  than  orthodase  ;  is  transparent,  and 
infusible. 

32.  Orthodase  (from  "orthos"  straight,  and  "clao"  to  cleave, 
referring  to  its  smooth  cleavage).  Potash  FMspar,  or  Comnuni  Feldspar, 
has  one  equivalent  of  trisilicate  of  potash  and  one  of  monosilicate  of 
alumina,  or  KO,  3  SiO*  +  Al'O',  3  SiO*,  giving— 

Potash 16.59 

Alnmina    ......         18.06 

Silica' 65.35 


100.00 


Its  crystalline  system  is  the  fifth  or  oblique  prismatic.  Spedfic 
gravity  2.5  to  2.6,  increasing  according  as  potash  is  replaced  by  soda  or 
lime.  Softer  than  quartz.  Colourless,  or  slight  flesh  or  yellow  coloured. 
Fuses  with  great  difliculty  to  a  blistered  turbid  ghiss. 
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Adalaria,  or  transparent  Feldspar,  and  Sanidine,  or  Qlasey  Feldspar, 
are  the  same  mineral  as  Orthoclase,  but  in  the  form  of  a  glass  more  or 
less  clear  and  transparent. 

In  the  specimens  of  adularia  from  volcanic  districts  more  than  4 
per  cent  of  soda  is  sometimes  found,  while  in  that  from  St  Qothard, 
according  to  Abich,  there  is  not  more  than  1  per  cent. 

The  ornamental  stones  called  Moon  stone,  and  Amazon  stone^  are 
orthoclase. 

33.  Albite  (from  "  albus"  white).  Soda  Feldspar,  has  one  equivalent 
of  trisilicate  of  soda  and  one  of  monosilicate  of  alimiina,  or  Na  0,  3  Si 
0'  -r  Al«  0',  3  Si  0",  giving— 

Soda 11.62 

Alumina     ......  19.13 

Silica 69.25 


100.00 


It  belongs  to  the  sixth  or  doubly  oblique  system  of  crystallization. 
Its  specific  gravity  is  2.6,  and  before  the  blow-pipe  behaves  like 
Orthoclase. 

Periclim  is  an  albite,  in  which  part  of  the  soda  has  been  replaced 
by  potash.     It  fuses  more  readily  than  albite. 

34.  Stilbite,  or  Desmine,  has  one  equivalent  of  trisilicate  of  lime, 
one  of  mono8ilicate  of  alumina,  and  six  of  water,  or  Ca  0,  3  Si  C  +  Al* 
0\  3  Si^  -f  6  HO. 

Its  crystal  belongs  to  the  fourth  system.     Its  s]>ecific  gravity  is  2.2. 

It  may  be  looked  on  as  hydrated  Albite,  or  Orthoclase. 

36.  OUgoclase,  or  Soda  Spodumene  (from  "  oligos"  little,  and  "clao" 
to  cleave,  as  not  being  so  readily  cleavable  as  orthoclase),  is  probably 
composed  of  three  equivalents  of  monosilicate  of  soda,  and  four  of 
monosilicate  of  alumina,  which  would  be  expressed  by  the  formula,  3 
(NaO,  SiO*)  +4  (A1*0«,  3  SiO^,  in  which  O  in  a  :  0  in  b  T:  30  : 
15  :  2  :  1,  or  3  (2  :  1)  4-  4  (6  :  3  =  2  :  1),  but  there  is  a'  little 
uncertainty  about  its  exact  composition. 

It  is  fdso  known  as  AvarUurine  Feldspar^  and  Sunstone. 

Crystalline  system  the  sixth,  or  doubly  oblique  prismatic  Specific 
gravity  2.6.  Hardness  equal  that  of  orthoclase  ;  more  or  less  tianslu- 
t'-ent.  Colour  white,  gray,  or  greenish.  Fuses  more  easily  than  ortho- 
clase or  albite. 

35.  Muscovite,  Biaxial,  or  Fotash  Mica,  the  composition  of  which  is 
stated  as  one  equivalent  of  trisilicate  of  potash  to  three  of  tribasic  aili- 
cate  of  alumina  =  (K0,  3  Si  0')  +  (Al«  0",  Si  0*),  part  of  the  potaah 
being  replaced  by  lime  and  the  protoxides  of  iron  and  manganese,  and 
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part  of  the  alumina  by  sesquioxide  of  iron,  manganese,  or  chromium. 
One  analysis  gives — 


Potash 

Protoxide  of  iron 
Sesquioxide  of  iron 
Alumina    . 
Silica 


10.09 

1.50 

3.35 

37.36 

47.70 

100.00 


Crystalline  system  the  fifth  or  oblique  prismatic.  Specific  gravity 
about  2.9.  Hardness  between  gypsum  and  calcspar.  Transparent, 
colourless,  or  light-coloured  with  metallic  pearly  lustre.  Fuses  ^dth 
various  degrees  of  facility  to  a  turbid  glass.     Often  contains  fluorine. 

This  is  the  ordinary  variety  of  mica.  When  it  contains  chrome  it 
is  known  as  Fuchsite, 

36.  Tourmaliiiey  or  Schorl^  is  a  combination  of  a  double  silicate, 
with  a  borate,  but  the  analyses  are  so  varied  and  indefinite  as  not  to  be 
reducible  to  a  common  formula.     The  following  is  an  example — 


Soda           .... 

4.99 

Protoxide  of  magnesia 

2.85 

Protoxide  of  iron 

2.81 

Sesquioxide  of  iron 

6.27 

Alumina    .... 

39.72 

Silica          .... 

39.65 

Boracic  acid        .         .         .         . 

3.71 

100.00 

Primary  form  an  obtuse  rhombohedron  of  the  third  system.  Specific 
gravity  3.  to  3.3.  Softer  than  quartz.  Every  degree  of  transparency, 
from  perfect  clearness  to  complete  opacity  ;  and  is  variously  coloured. 
Before  the  blow-pipe  swells  up  and  fuses  to  a  slag. 

37.  Porcelain  Spar,  a  combination  with  a  chloride,  consists  of  four 
equivalents  of  the  double  silicate  of  lime  and  alumina  with  one  of 
chloride  of  sodium. 

38.  Lithia  Mica^  or  Lepidolite,  a  combination  with  a  fluoride,  con- 
sists of  two  equivalents  of  monosilicate  of  lithia,  three  of  two-thirds 
silicate  of  alumina,  and  one  of  a  combination  of  fluoride  of  potassium 
and  terfluoride  of  silicon,  the  peroxides  of  iron  and  manganese  partly 
replacing  the  alumina. 

The  following  is  the  calculated  analysis  : — 
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Potash  8.72 

Lithia 6.32 

Alumina  ......  28.48 

Silica 61.65 

Fluorine 6.93 


100.00 
Specific  gravity  about  2.9  ;  softer  than  calcspar.     Transparent  or 
tran«lucent     Fuses  very  readily. 

The  Reverend  Professor  Haughton  has  lately  shewn  that  two  varie- 
ti(jH  of  mica,  hitherto  supposed  to  be  of  rare  occurrence,  are  the  two 
whicli  occur  abundantly  as  the  constituents  of  the  Leinster  granite. 
T)i(;Me  are  the  two  micas  known  as  Maigarodite  and  Lepidomelane. 

39.  Margarodite  (from  Margaron,  a  unio  or  pearl)  or  Pearl  White 
Mirn^  <if  which  the  following  is  the  mean  composition,  as  deduced  from 
four  HtiiilyHCH  of  specimens  from  different  localities  by  Professor  Haugh- 
ton : — 

Silira 44.58 


Alumina    . 

Peroxide  of  iron 

liime 

Miignesia    . 

PoUish 

Soda 

l*rotoxide  of  iron 

Loss  by  ignition 


32.13 
4.49 
0.78 
0.76 

10.67 
0.95 
0.07 
5.34 

99.77 


It  iH  biaxial.     Its  specific  graWty  is  stated  in  books  as  3.0  to  3.1. 
It  is  gt'iiorally  i>alo  greenish-white,  with  a  pearly  lustre. 

40.   Upidomelane^  or  Black  Mica  (name  derived  finom  « lepia,"  a 
«oaU».  mill  "  nielas,"  black.) 

Silica 35.55 


Alumina    . 

lVn>xido  of  iron 

Li  mo 

M^u^nosia    . 

IV^rtsh 

SiHla 

IVi^toxido  of  ir^ni 

IV^toxido  of  man^ioA* 

Wator 


17.08 
23.70 
0.61 
3.07 
9.45 
0.35 
3.55 
1.95 
4^0 


99.61 
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It  is  uniaxial,  of  a  browmsli-black  colour,  and  metallic  lustre. 
Its  specific  gravity  is  stated  at  3.0. 

The  descriptions  of  the  forty  minerals  now  given  will  be  suffi- 
cient for  reference  in  studying  the  composition  of  almost  all  rocks, 
which  is  the  object  we  have  in  view.  For  general  purposes,  indeed,  it 
is  enough  to  consider  the  silicates  as  forming  four  groups  of  minerals, 
namely — 1st,  The  Augites  or  Hornblendes  ;  2dy  The  Feldspars,  subdi- 
vided into,  2  a.  The  Biailicated,  2  b,  The  Trisilicated  ;  Zd,  The  Micas  ; 
and  4th,  Tlie  Zeolites. 

I  St.  The  Augites  or  Hornblendes  are  essentially  silicates  of  mag- 
nesia mingled  with  silicates  of  lime,  iron,  or  other  substances  which 
are  more  active  fluxes  to  the  silica  than  the  magnesia,  and  make  the 
whole  easily  fusible. 

2d.  The  feldspars  are  essentially  silicates  of  alumina  mingled  with 
silicates  of  potash,  of  soda,  or  of  lime,  which  act  more  readily  as  a  flux 
to  the  silica  than  the  alumina  does.  Orthoclase  (potash  or  common 
feldspar),  Albite  (soda  feldspar),  and  Oligoclase,  are  the  most  highly 
silicated  varieties  of  the  group,  Labradorite,  Anorthite,  and  Rhyacolite 
are  less  highly  silicated,  containing  a  larger  proportion  of  alumina,  and 
also  of  the  more  fusible  bases,  which  consist  either  wholly  or  in  part 
of  lime,  and  rarely  or  never  of  potash.  The  first  three  in  the  com- 
monly received  nomenclature  would  be  called  trisilicates,  and  the 
three  last  bisilicates.  In  the  nomenclature  proposed  by  Dr.  Sullivan, 
the  former  would  be  considered  as  mixtures  of  monosilicate  of  alumina 
and  trisilicates  of  the  other  bases,  while  the  latter  would  contain  a 
basic  silicate  of  alumina  and  bisilicates  of  the  other  bases. 

Leucite  diflers  in  composition  from  Orthoclase  only  in  its  containing 
a  simple  silicate  of  potash  instead  of  a  trisilicate. 

Albite,  Oligoclase,  and  Rhyacolite,  agree  in  containing  soda ;  some- 
times partly  replaced  by  potash  or  even  by  lime. 

Labradorite  and  Anorthite  (the  latter  of  which  seems  to  have  nearly 
the  same  composition  as  Scapolite)  are  essentially  the  lime  feldspars. 
Labradorite  occurs  as  a  distinct  mineral  abundantly  in  North  America, 
but  is  often  present,  or  supposed  to  be  present,  in  many  of  the  more 
basic  igneous  rocks  in  conjiuiction  with  Augitic  or  Homblendic  minerals 
with  or  without  Zeolites. 

3d.  The  Micas  are  frequently  conspicuous  in  rocks,  but  their  presence 
can  hardly  be  considered  so  essential  as  that  of  the  minerals  of  the 
preceding  groups.  Mica  often  occurs  as  a  mere  subsidiary  constituent, 
either  appearing  in  a  rock  which  is  usually  devoid  of  it,  or  disappear- 
ing from  a  rock  which  usually  contains  it,  without  causing  any  change 
of  name  in  the  rock,  which  is  spoken  of  as  being  "  with,"  or  "  without 
miCa."      In  other   cases,  however,  the  mica   is  looked   upon   as  an 
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essential  constituent,  and  the  rock  takes  a  new  name  when  the  mica  its 
absent  or  is  replaced  by  another  mineraL 

Mica  is  more  abundantly  and  essentially  developed  in  highly 
altered  rocks  than  in  any  other,  but  is  then  not  often  completely 
crystallized. 

Dr.  Sullivan  has  suggested  the  probability  of  Micas  having  some- 
times their  peculiar  metallic  lustre  and  minute  subdivision  into  trans- 
parent or  semi-transparent  plates,  rather  in  consequence  of  physic^il 
structure  than  of  chemical  composition. 

4th.  The  Zeolites  are  so  called  from  the  Greek  word  (3^0)  to  boil,  in 
consequence  of  their  intumescence  before  the  blow-pipe.  This  is 
caused  by  the  water  which  they  contain.  They  are  all  hydrated 
minerals,  most  of  them  hydrated  feldspars,  though  some  so  called 
Zeolites  do  not  contain  any  silicate  of  alimiina. 

Analcime,  Natrolite  or  Me80tyx>e,  Thomsonite  or  Comptonite,  Stilbite 
or  Desmine,  Chabasite,  etc.,  are  Zeolites. 

They  are  often  found  crystallized  in  the  cavities  of  some  igneoiiH 
rock,  and  are  supposed  to  be  mixed  up  with  other  minerals  in  the 
composition  of  other  igneous  rocks. 


CHAFTER  IIL 

ON  THE  ORIGIN,  CLASSIFICATION,  AND  DETERMINATION  OF  ROCKS. 

A  DESCRIPTION  of  what  coDBtitutes  a  true  mineral  has  been  already 
given  in  chapter  1.     A  rock  may  be  described  as  follows. 

A  rock  is  a  mass  of  mineral  matter  consisting  of  many  individual 
particles,  either  of  one  species  of  mineral,  or  of  two  or  more  species  of 
minerals,  or  of  fragments  of  such  particles.  These  particles  need  not  at 
all  resemble  each  other  either  in  size,  form,  or  composition  ;  while 
neither  in  its  minute  particles,  nor  in  the  external  shape  of  the  mas8, 
need  a  rock  have  any  regular  symmetry  of  form. 

Geologists  are  accustomed  also  to  include  under  the  term  rock,  all 
considerable  accumulations  of  mineral  matter,  whether  they  be  hard  or 
soft,  compacted  or  incoherent;.  In  this  sense  soft  clay,  loam,  or  loose 
sand,  may  be  called  "  a  rock." 

Mineralogy  may  be  studied  simply  as  a  branch  of  Natural  History, 
and  minerals  looked  upon  merely  as  natural  objects,  having  certain  exter- 
nal properties  which  enable  us  to  distinguish  them  from  each  other,  and 
arrange  them  in  a  certain  order,  according  to  some  principle.  By  help 
of  this  arrangement  we  might  identify  any  particular  mineral  laid  before 
us,  and  consequently  refer  to  what  is  known  of  its  chemical  composi- 
tion, and  other  qualities. 

In  order  to  apply  mineralogy  to  geology,  however,  we  must  study 
rather  the  genetic  relations  of  minerals,  that  is  to  say,  we  must  endea- 
vour to  discover  their  modes  of  production,  and  the  circumstances  which 
were  necessary,  or  conducive,  to  their  appearance  in  the  positions  and  in 
the  combinations  in  which  we  now  find  thenL  This  is  the  object  we 
have  had  in  view  in  the  brief  abstract  we  have  just  given  of  a  part  of 
chemistry  and  mineralogy. 

What  has  been  there  given  will  enable  the  student  to  reason,  to  a 
certain  extent,  on  the  origin  of  rocks  ;  and  to  draw  certain  conclusions 
m  regards  the  relations  of  those  mineral  constituents,  at  all  events, 
which  are  essential  to  their  existence — ^those  which  so  far  enter  into 
their  mass  as  to  make  them  what  they  are,  and  the  abstraction  of  which 
would  make  them  something  different* 

*  Bischofi  Chemical  and  Physical  Geology,  translateil  for  and  published  by  the  Caveu- 
diah  Society,  ia  the  largeat  and  most  complete  work  on  the  Application  of  Mineralogical 
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CrystaUization. — One  of  the  most  oLvious  properties  of  minerals  is 
their  crj'stallizatiou.  All  crystals  are,  as  it  were,  built  up  of  minute 
(Tystalline  particles  of  like  forms,  and  have  been  produced  by  the  suc- 
«'i\v<ivi;  external  additions  of  these  minute  jMirticles. 

It  is  clear,  then,  that  these  ])ai'ticle8  must  have  been  free  to  move 
and  arrange  themselves  ;  in  other  words,  they  must  have  been  in  a 
find  or  ncarb/  fluid  state.  But  this  fluidity  may  have  been  the  result 
('ither  of  solution  in  water  or  other  liiiuids,  or  oi  fusion  by  heat.  When- 
ever, then,  we  find  a  crj-stal  or  a  nunei-al  ]>article  that  has  an  iiitemal 
ciystalline  structure,  we  may  feel  assured  that  it  has  once  been  either 
dissoh'f'd  or  melted. 

But  if  this  be  true  as  regards  individual  crystals  or  crystalline  ptir- 
tich's,  it  must  be  true  idso  of  rocks  that  are  made  up  of  such  crystals  or 
such  i)ai1icles. 

Now  we  have  seen  that  some  minerals,  as,  for  instance,  CVilcite  or 
cai'bonate  c»f  lime,  aie  readily  soluble  in  water  containing  carbonic  acid 
jias,  or  in  li(piid  acids  ;  if,  therefore,  we  meet  with  a  rock  composed  of 
crystalline  particles  of  carbonate  of  lime,  we  should  naturally  suppose 
that  it  had  imce  been  dissolved  in  acidulous  water  and  dejwsited  from 
that  solution. 

The  solid  acid  Silica  is  also  soluble  in  water  containing  carbonic 
a«*id  gas  or  some  other  substances,  and  also  when  in  certain  chemical 
states,  and  in  water  at  a  high  tem])erature.*  We  can,  therefore,  easily 
understand  the  dei)C)sition  of  ciystals  of  silica  or  quartz  from  aqueous 
solutions. 

For  the  prinluction  of  many  silicates,  however  (as,  for  instance,  the 
nitilicial  silicates  p<.)rcelain,  slag,  and  glass),  great  heat  is  necessar}*,  and 
they  are  formed  only  during  fusion.  Most  of  the  natund  silicates  aie 
])mctically  insoluble  in  water,  or  in  any  other  fluids  which  are  foimd 
abundantly  in  nature. 

When,  then,  wc  meet  with  rocks  comiK)sed  altogether  of  crj'stals,  or 
crystalline  particles,  of  such  silicates,  we  naturally  conclude  that  those 
rocks  were  once  in  a  state  of  fusion  from  heat. 

But  in  each  of  these  cases  there  are  gradations  from  rocks  in  which 

the  crv«italline  particles  are  lai-ge  and  distinct,  thnmgh  others  where 

thcv  become  less  and  less  till  thev  are  (mlv  discernible  with  a  lens,  into 

<*»nie  which  aj^pear  quite  compact  and  homogeneous.     This  gradation 

« 
i1uMnistr>-  to  Gcol(»j;y,  Much  of  it  is  rxt'ollont,  but  unfortunately  the  author  has  alloweil 
liis  mind  to  bo  wnri>c«l  by  nn  olil-fnshionod  I'tcjuilicc  Qgninst  what  he  calls  the  *•  Plutonic 
Theorj/'  ro  that  ho  iH  not  alwayn  entirely  truKtworthy. 

*  Mr.  Jott'erj-8  showed  (Uei>ort8  Brit.  Assoc.,  vol.  x.)that  the  vapour  of  water,  at  a  tem- 
perature alHive  that  nooessary  to  melt  iron,  dissolved  Nilica,  even  attacking  conj[«ict  untli- 
vide<l  minerals  ;  and  that  a  jet  of  sm*h  steam  containing  dif^olved  nilica  dei>osite(l  a  show  of 
<|u.m/  cr>-!<tals  as  it  cooled  on  escaping  from  the  vessel. 
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teaches  us  that  what  is  trae  of  the  crystalline  rocks  may  also  be  true 
of  compact  rocks  of  the  same  mineral  composition,  and  that,  therefore, 
crystalline  and  compact  limestone,  quartz  crystals,  and  compact  flints,  may 
e(|ually  have  been  dissolved  in  water,  and  crystalline  and  compact  silicates 
have  equally  been  melted  by  heat  In  the  latter  case  the  artificial  silicate 
glass  again  assists  us,  since  the  very  same  mass  which,  if  cooled  under 
given  circumstances,  will  form  a  perfectly  homogeneous  transparent  glass, 
will,  if  allowed  to  cool  more  slowly,  become  opaque,  and  stony,  and  ulti- 
mately begin  to  granulate,  that  is,  its  constituents  will  combine  with  each 
other  in  onler  to  form  distinct  crystalline  minerals  in  the  mass. 

Chemical  Rocks. — Many  rocks,  then,  have  been  chemically  formeil, 
that  Uy  have  consolidated  from  fusion  or  solution  in  obedience  to  chemi- 
cal laws.  Those  that  have  l>ecomc  consolidated  from  fusion  we  mav 
call  Igneous  rocks ;  those  that  have  consolidated  from  solution  Aque- 
ous rocks. 

Chemically-formed  Aqueous  rocks  may  be  either  crystalline  or  com- 
pact 

Chemically-formed  Igneous  rocks  may  be  either  crystalline,  compact, 
or  glassy. 

Both  kinds  may  have  occasionally  concretionary,  nodular,  spany, 
tibroiis,  or  other  texture.-=j,  according  to  local  modifying  circuniatancos?. 

Parojenfisis  of  MineraU. — In  crystalline  rocks,  whether  acjueoUH  or 
igneous,,  the  extenial  fonns  of  some  of  the  cr}'stals  are  often  very  ini- 
iwrfect  and  sometimes  even  irregular.  Crystals  of  one  mineral  having 
been  first  forme<l  prevented  the  regular  formation  of  the  crystals  of  th<^ 
other  niinerals  ;  or,  the  whf)le  mass  having  crystallized  together,  th«' 
crystiiL?  were  mutually  hintlered  fmni  attaining  their  full  development  by 
the  growth  of  their  neighbours,  and  all  bccivme  thus  locked  and  inter- 
laced together  in  a  congeries  of  mutually  inibe^lded  crj'stalline  particles* 

Tliese  ciystalliue  pirticles,  although  not  perfect  cr^'stals,  have  yet 
i*ome  faces  and  angles  of  perfect  crj'stals,  being  evidently  fonued  in  tin* 
]Kjsition  where  we  now  find  them.     They  ai-e  Innate  ciystalline  granule.^. 

Loaf-sugar,  sugar  candy,  crj'stidlizA-d  alum,  an;  familiar  exami)les  ol' 
this  slnictiii"*;,  and  will  serve  to  explain  what  is  meant  by  the  innate 
crj*stalline  structure  of  marble  or  of  granite. 

M*cfianical  liocl's. — In  examining  the  mineral  structiui^  and  consti- 
tution of  rocks,  however,  we  should  soon  become  awai'e  of  another 
essential  difference  in  thtm.     We  should  find  many  ivcks  the  particles 

*  Tliii  iiarafft-iif sIh  of  minerals  in  cliPinically  fonufil  nn-ka  \h  a  subject  tliat  has  not  yet 
re< '•.■»*••■< I  the  attentl«in  it  d^seneH.  Tlie  peculiar  aHS()»'iatit»u  of  niiiierals,  and  the  rolativi* 
••nler  of  their  erystallizjition,  an  shown  by  tlu-ir  mutual  indentatiim  and  envelopment,  wouM. 
if  aeoiirately  olwen'ed  and  described,  doubtless  ex])biiu  much  tliat  is  still  obscure  ns  regaidH 
the  foruiatiou  of  such  rocks,  us  also  that  of  the  contents  uf  mineral  veins. 
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t)f  which  were  large  and  distinct,  but  not  at  all  ciyBtalline  ;  or  if  crys- 
talline internally ;  their  external  form  would  not  be  regular  like  a 
crystal,  but  exhibit  evident  marks  of  mechanical  fracture  and  attrition, 
of  wearing  away,  or  rounding. 

Hie  particles  of  these  rocks  whether  internally  crystalline  or  inter- 
nally compact,  are  not  mutually  embedded  like  those  of  chemical  rocks, 
and  have  no  such  appearance  of  having  groim  where  we  now  find  them, 
liut  have  evidently  been  brought  together  from  different  places,  and 
iulhere  to  each  other,  either  in  consequence  of  having  been  squeezed 
together  by  mechanical  pressure,  or  because  they  were  cemented  by  some 
other  subbtuuce  which  ser\'es  to  bind  and  unite  them  to  each  other. 

The  very  form  and  structure  of  these  particles  shew  that  they  are 
fragments  of  other  pre-existing  rocks,  and  have  been  broken  off  the 
l)arent  mass,  and  worn  by  the  action  of  moving  water. 

This  water-worn  form  and  derivative  origin  is  very  obvious  with 
respect  to  such  of  these  rocks  as  consist  of  pebbles ^  or  rounded  fragments 
nf  other  rocks,  compacted  together  in  sand,  which  is  clearly  the  result 
of  the  abrading  process. 

In  many  cases  the  very  rock  from  which  the  pebbles  were  derived 
ran  be  pointed  out,  and  the  distance,  therefore,  which  they  have  been 
carried  is  known.  In  other  cases  the  fact  of  mechanical  transport  is 
obvious,  though  their  original  site  may  be  unknown. 

From  those  cases  where  the  individual  constituents  of  the  rock  are 
large  and  their  form  distinctly  visible,  there  is  every  gradation  through 
those  where  they  become  less  and  less,  till  at  length  we  meet  with  some 
in  which  the  particles  are  not  discernible  by  the  lens.  We  have,  then, 
comi)act  derivative  rocks  just  as  we  have  compact  chemical  ones. 

To  all  such  derivative  rocks  we  may  with  great  propriety  assign 
the  term  Mechanical,  as  shewing  that  their  materials  have  been 
mechanically  transported  to  their  present  sites. 

The  machinery  employed  in  this  transportation  must  clearly  be 
either  currents  of  water  or  currents  of  air,  and  the  mechanical  rocks, 
therefore,  must  be  all  either  Aqueous  or  Aerial  rocks,  the  latter  being 
very  few  and  imimportant  compared  with  the  former. 

Even  with  regard  to  igneous  rocks,  which  must  in  themselves  be 
purely  chemical  compounds,  they  stUl  may  have  their  mechanical 
accompaniments,  as  we  see  in  the  case  of  the  ashes,  cinders,  and  frag- 
ments blown  fiom  the  mouths  of  volcanoes,  and  these  may  be  compcu^t^ 
into  solid  rocks,  whether  they  fall  on  the  land  or  into  the  water. 

Organic  Rocks, — There  is  yet  another  source  from  which  some  it)cks 
are  derived,  inasmuch  as  some  are  found  to  be  wholly,  or  almost  wholly, 
composed  of  fragments  of  animals  or  plants.  These  rocks  may  be 
termed  Organic,  in  the  sense  of  organically-derived  rocks. 
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The  portions  of  the  plants  or  animals  may  be  either  little  altered 
from  their  original  condition,  or  very  mach  altered  and  altogether 
mineralized.  In  the  first  case,  they  are  allied  more  particularly  to  the 
mechanical ;  in  the  latter,  to  tiie  chemical  rocks. 

Muetureg, — ^As,  moreover,  chemical  precipitates  are  liable  from  many 
caoses  to  be  adulterated  by  mechanical  impurities,  and  mechanical'  de- 
posits to  be  impregnated  with  chemically  acting  gases  or  liquids,  and  on 
both  mechanical  admixtures  and  chemical  actions  and  reactions  may 
play  a  part  in  the  foimation  of  rocks  made  of  organic  materials,  we  can 
easily  see  how  all  three  classes  of  rocks  may  occasionally  be  mingled 
together  and  pass  into  each  other,  and  how  many  aqueous  rocks  may 
have  been  formed  by  the  tinion  of  two  or  of  the  three  agencies,  and 
appear  to  belong  to  one  or  the  other  class,  according  to  ti^e  point  of 
view  from  which  we  observe  them. 

Stratified  Rocks, — We  have  now  arrived,  then,  at  the  conclusion 
that  different  rocks  had  an  aqueous,  an  igneous,  or  an  organic  origin, 
solely  from  the  consideration  of  the  nature  of  the  mineral  particles  com- 
posing them.  This  conclusion,  however,  by  no  means  depends  entirely 
on  such  considerations.  The  aqueous  rocks  are  known  to  be  so,  not 
only  from  their  being  composed  of  soluble  minerals,  or  of  minerals  that 
have  been  water-worn,  or  of  "parts  of  plants  and  animals  that  have  cither 
lived  in  water  or  been  carried  down  into  it,  but  also  because  their 
materials  are  arranged  in  regular  layers  and  beds  or  strata,  obviously 
the  result  of  their  having  been  regularly  strewed  out  over  the  bottom 
of  the  seas  and  lakes  in  which  they  have  been  deposited.  They  are 
hence  often  called  Sedimentary  and  Stratified  rocks. 

Ci^tratif^df  Enij^th'e,  and  Intrusive  rocks. — The  igneous  rocks,  on  the 
other  hand,  are  known  to  be  such,  not  only  from  their  consisting  of 
silicates  which  could  only  be  formed  during  fusion,  but  also  from  the 
absence  of  that  regular  stratification  which  is  characteristic  of  all  rocks 
deposited  by  water.  If  they  have  anything  resembling  stratification,  it 
is  of  tliat  irregular  kind  which  streams  of  lava  possess  as  they  flow 
down  the  flanks  of  volcanoes  or  over  gently  sloping  ground.  Many  of 
them,  indeed,  are  just  such  rocks  as  we  see  now  poured  forth  from  the 
mouths  of  volcanoes  in  the  state  of  molten  lava  ;  others  again  are  closely 
allied  to  these,  and  thero  is  a  r^ular  chain  of  gradation  from  these 
through  their  whole  series. 

Even  those  which  least  resemble  actual  lava  in  mineral  composition 
are  found  sometimes  to  have  been  injected,  either  in  great  masses  into 
tlie  bo<ly  of  other  rocks,  or  in  the  form  of  veins  and  tortuous  strings, 
into  their  cracks  and  crevices,  or  else  to  have  cut  through  them  in  great 
wall-like  nheets  called  "  dykes,"  just  as  lava  cuts  through  rocks  in  the 
neighbourhood  or  in  the  heart  of  volcanoes.     Now  we  cannot  conceive 
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the  possibility  of  one  aqueous  rock  being  at  the  time  of  its  formation 
intnided  into  or  thrust  through  another,  since  they  are  all  formed  by 
the  tranquil  dejwsition  of  sediment  falling  tlirough  water,  and  coming 
to  rest  at  its  bottom.  An  intrusive  rock,  therefore,  must  by  the  ven* 
nature  of  the  case  be  an  igneous  rock,  and  the  expansive  power  of  heat 
is  the  only  conceivable  origin  of  the  force  wliich  causes  it  to  intrude. 
In  many  cases  these  intruded  masses  have  exerted  just  such  an  influence 
on  the  rock  they  came  in  contact  with  as  great  heat  woidd  have  exer- 
cised. The  neighbouring  rocks  have  in  fact  been  burnt,  and  are  some- 
times greatly  altered  from  their  original  state  which  they  still  possess 
at  a  distance  from  the  igneous  rocks. 

Metamorphic  Rocks. — ^Tliis  fact,  together  with  the  consideration  of 
the  chemical  actions  and  reactions  that  may  be  set  up  in  the  mass  of 
rocks  by  the  |x;rcolation  of  various  fluids  or  gases,  and  the  meclianical 
or  chemical  forces  that  may  be  brought  into  play  by  the  action  of 
pressure  and  other  agencies,  naturally  disposes  us  to  ask  the  question, 
Whether  many  rocks  as  we  now  see  them  may  not  be  in  a  very  different 
state  from  that  in  wliich  they  were  originally  formed  ?  "We  should,  on 
investigation,  find  reason  to  answer  this  question  in  the  afiirmative,  and 
introduce  another  class  under  tlie  heatl  of  Metamorphic  (or  transformed) 
rocks,  to  include  those  which  had,  by  means  of  subsequent  alteration, 
acijuired  any  characters  essentially  diflerent  from  their  original  ones. 

Four  Great  Classes  of  Rock. — Guided  by  these  considerations  we 
may  class  all  rocks  whatever  under  the  four  great  heads  of  Igneous, 
Aqueous,  Aerial,  and  Metamorphic,  according  to  the  nature  of  the 
iigencies  by  which  they  have  been  brought  into  their  present  state  and 
l>o8ition. 

The  Igneous  are  all  chemical ly-fonned  rocks,  but  some  of  their 
varieties  have  their  mechanical  accomimniments. 

Tlie  Aqueous  rocks  are  either  chemical,  mechanical,  or  organic, 
those  of  mechanical  origin  being  far  the  most  abundant,  although  not 
the  most  important  kinds. 

The  Aerial  are  all  mechanical. 

Tlie  Metamoq>hic  are  either  those  in  which  the  original  structure 
and  comjwsition  are  still  obvious,  or  those  in  which  those  characters 
are  altogether  obscured  and  replaced  by  others,  when  we  may  speak  of 
most  of  them  as  the  schistose  or  crj'stalline-schistose  rocks. 

Determination  of  Rocks. — In  examining  any  specimen  of  rock,  in 
order  to  dftemiine  to  which  of  these  classes  it  belongs,  we  proceed  in 
the  following  way  : — Having  prf>\ided  a  chipping-hammer,  a  pocket- 
lens,  a  knife,  an<l  a  small  bottle  of  dilute  hydrfu^hloric  or  other  mineral 
acid,*  the  lirst  thing  is  to  form,  by  chipping,  two  fresh  surfaces  on  the 

*  A  pocket  bIow-i>ii>o  is  also  useful  occasioDally,  for  distinguishing  some  varieties  of 

igneous  rock. 
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Bpecimen,  as  nearly  as  possible  at  right  angles  to  each  other.  The^»e 
surfaces  are  to  be  carefully  examined,  in  order  to  see  if  the  rock  be 
granular  or  compact 

Compact  Rocks, — If  it  be  quite  compact,  so  that  no  granular  particles 
be  apparent  even  with  the  lens,  it  should  be  scratched  with  the  knife. 
If  it  scratch  readily,  it  will  either  be  an  aqueous  rock  or  a  very  much 
decomposed  igneous  one.  If  it  requires  great  force  to  make  any  im- 
pression on  it,  but  can  be  scratch^  when  that  force  is  exerted,  it  U 
probably  a  compact  igneous  rock  ;  if,  on  the  other  hand,  it  be  merely 
marked  by  the  steel  of  the  knife,  as  if  by  a  hard  lead  pencil,  it  is  then 
probably  a  purely  siliceous  rock,  either  flint,  chert,  or  some  other  form 
of  quartz.  In  that  case  it  will  be  of  aqueous  origin,  but  probably  either 
part  of  a  vein,  or  a  nodule,  or  concretion  formed  in  a  rock  rather  than  a 
rock  itself  If  a  compact  rock  be  very  easily  scratched,  it  should  W 
tried  with  a  little  dilute  acid,  and  if  it  effervesces  freely  it  may  at  ouct* 
be  set  down  as  limestone  ;  if  it  effervesces  slowly  it  may  be  an  impure 
limestone,  or  else  a  magnesian  limestone  ;  and  if  it  do  not  effervesce  ut 
all  it  will  either  be  gypsum  or  a  decomposed  rock. 

Granular  Boch, — If  tlie  rock  be  granular,  it  must  first  be  deter- 
mined whether  the  grains  be  innate  crj'Htalline  iMirticles,  or  Wiiter-worn 
like  grains  of  sand.  If  it  be  coarse-grained,  there  will  not  be  much 
difficulty  in  this  determination.  Any  distinctly  water-worn  and  rounded 
grain  or  particle,  or  any  little  pebble  included  in  the  rock,  will  at  once 
decide  it  as  of  aqueous  origin.  Sometimes  the  grains  may  consist  of 
broken  crystals,  very  little,  if  at  all,  water- worn,  wlien  it  might  be 
mistaken  for  a  crystalline  igneous  rock.  If,  however,  those  broken 
crvstils  l>e  all,  or  nearly  all,  fnigment^s  of  quartz,  great  doubt  would 
arise  as  to  the  c^^rrectneas  of  that  c(mclusion,  and  careful  search  will 
often  disclose  some  grain  distinctly  rr)unded,  or  some  little  fragment 
which  has  obviously  acquired  it^  present  form  by  mechanical  fracture 
or  attrition,  proving  it  to  be  of  aqueous  origin.  Regular  alternations  of 
layers,  slightly  different  in  colour  and  texture,  form  strong  evidence  in 
favour  of  the  rock  being  a  stratifietl  or  sedimentary,  and  therefore  an 
aijucous  one. 

Crt/$taUine  Rocks. — If,  on  the  contrary,  the  rock  be  distinctly  crystal- 
line in  structure,  the  point  to  determine  will  be  whether  its  crystalline 
jmrticles  consist  of  carbonates  or  sulphates,  on  tlie  one  hand,  or  silicates 
on  the  other.  If  of  either  of  the  ti^^o  former,  it  may  be  set  down  at 
once  as  an  af[ueous  roek,  if  of  the  latter,  as  igneous.  To  determine 
this  ]>oint  the  knife  should  be  first  used, — if  the  rock  be  easily  scratched 
by  the  j>oint  of  a  knife  it  is  almost  certainly  one  of  the  two  Ibnner.  if 
very  easily  scratched  and  the  scratched  part  do  not  at  all  eften-esce 
with  acids,  it  is  probably  gjpsum.     If  the  scratched  i>urt  instantly  boil 
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up  when  acid  is  applied  to  it,  it  is  certainly  some  kind  of  limestone. 
If  it  effervesce  slowly  and  have  a  pearly  lustre  and  gritty  feel,  it  is 
probably  magnesian  limestone. 

If  the  particles  be  neither  carbonates  nor  sulphates  they  will 
almost  certainly  be  silicates  and  the  rock  be  an  igneous  one.  It  will 
then  be  necessary  to  determine  the  kind  of  igneous  rock  by  discovering 
the  nature  of  the  minerals ;  whether  in  the  first  place  there  are  any 
particles  of  free  silica  or  quartz  among  them,  and  whether  the  remain- 
ing particles  consist  of  homblendic,  feldspathic,  micaceous  or  zeolitic 
minerals,  or  what  mixture  of  these,  and  in  what  proportions.  This  will 
be  done  either  by  recognizing  them  by  their  characteristic  external 
appearance,  by  determining  the  angles  formed  by  their  facets  and  there- 
fore the  form  of  their  crystals,  or  if  neither  of  these  methods  be  pos- 
sible, by  chemical  analyses,  either  of  the  separate  crystals,  or  if  that  be 
not  possible,  of  the  whole  rock,  which  will  at  least  tell  us  what  possible 
combinations  the  substances  contained  in  the  rock  might  form,  and 
what  combinations  would  be  impossible,  and  thus  approximately  fix 
the  class  to  which  the  rock  must  belong. 

Platy  Rocks, — If  the  rock  have  a  very  decided  platy  structure,  so 
that  a  blow  with  the  hammer  causes  it  to  split  much  more  readily  in 
one  direction  than  in  any  other  other,  with  a  tendency  to  separate  into 
many  thin  plates, — the  question  which  arises  is,  whether  it  be  a  mere 
aqueous  rock  formed  by  the  successive  deposition  of  many  thin 
lamina),  or  whether  it  be  a  metamorphic  rock.  If  the  former,  it  will 
probably  be  soft  and  clayey,  and  the  plates  before  the  rock  be  split 
will  run  parallel  to  and  coincide  with  layers  of  different  colour,  texture 
or  grain. 

Metamorphic  Rocks. — If,  however,  it  be  a  metamorphic  rock,  it  will 
probably  be  hard,  and  the  plates  more  or  less  firm  after  separation  from 
eacli  other.  If  the  faces  of  these  plates  be  dull  and  earthy  looking,  it 
is  probably  a  slate  or  "  cleaved"  rock.  If  however  the  faces  glitter 
with  a  metallic  lustre,  and  tlie  rock  have  a  crystalline,  or  semi-crystal- 
line texture,  it  will  then  be  a  scliistoae  or  crystalline-schistose  meta- 
morphic rock. 

The  student  will  do  well  to  procure,  and  to  examine  with  lens,  acid, 
knife,  and  hammer,  specimens  of  the  most  common  forms  of  the  minerals, 
Quartz,  Calcite,  Gypsum,  Feldspar,  Hornblende  and  Mica,  and  enAeavour 
to  recognize  them  in  any  of  the  common  rocks,  such  as  Granite,  lime- 
stone, Sandstone,  Syenite,  and  Gypsum,  by  the  methods  here  pointed 
out  A  very  little  practice  will  enable  him  to  do  this,  and  he  will  then 
soon  be  able  to  recognize  all  the  ordinary  varieties  of  rock  which  he  is 
likely  to  meet  with,  and  will  know  how  to  go  about  the  determination 
of  others  when  they  occur. 


CHAPTER  IV. 

IGNEOUS   ROCKS. 

Ws  will  commence  our  examination  of  rocks  with  the  igneous  rocks  an 
being  those  which  may  be  considered  the  most  essentially  original,  and 
those  indeed  from  which  all  others  are  either  directly  or  indirectly 
derived. 

Classification  according  to  composition. — From  what  has  been  said 
before,  it  may  be  inferred  that  all  igneous  rocks  without  exception 
are  composed  of  minerals  wliich  are  silicates. 

These  minerals  may  be  said  to  belong  to  two  great  classes,  silicateit 
of  magnesia  and  silicates  of  alumina,  the  species  or  varieties  of  each 
resulting  from  their  various  mixtures  with  silicates  of  potash,  soda,  lime, 
iron,  manganese,  etc  The  silicates  of  magnesia,  etc,  constitute  the  hom- 
blendic,  or  pyroxenic,  or  augitic  minerals,  the  silicates  of  almnina,  etc., 
forming  the  feldspathic  ones.  The  micaceous  minerals,  which  we  may 
look  on  as  resulting  from  mixtures  of  the  two,  or  as  holding  an  inter- 
mediate place  between  them,  are  in  reality  of  minor  imp(jrtance,  so  far 
as  unaltered  rocks  are  concerned. 

The  feldspars  are  the  bases  of  all  igneous  rocks,  those  in  which  no 
feldspar  of  any  kind  is  present  being  very  few  and  unimportant,  even 
if  they  exist  at  all.  The  homblendic  and  augitic  minerals  hold  the 
next  most  important  place,  and  the  volcanic  and  trap])ean  rocks  may  be 
divided  into  two  great  series  dept»nding  on  the  amount  of  those  minerals 
which  are  mingled  with  the  feldspars.  Those  rocks  in  which  feldspar 
alone  occurs,  or  in  which  it  greatly  predominates,  may  be  called  the 
feldspathic  rocks  ;  those  in  which  the  homblendic  or  augitic  minerals 
play  a  considerable  part,  may  be  called  homblendic  or  pyroxenic  rocks. 
It  must,  however,  be  clearly  borne  in  mind  that  feldspar,  in  some  form 
or  other,  is  always  the  basis  of  the  latter,  while  hornblende  and  augite 
in  any  form  are  often  entirely  absent  from  the  fonner. 

Tlie  igneous  rocks  might  also  be  divided  into  two  great  series,  the 
acid  or  siliceous,  and  the  basic,  which  would  nearly  coincide  with  the 
classification  just  mentioned,  of  feldspathic  and  homblendic  The 
homblendic  or  augitic  minerals,  may  all  be  considered  as  basic  minerals. 
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while  the  fehlspars,  as  was  pointed  out  at  page  47,  are  separable  into 
two  groups,  the  more  hasic  and  the  more  siliceous.  Now,  in  all  rocks 
containing  a  lai-ge  proj^wrtion  of  the  homhlendic  or  basic  minerals,  the 
feldspars  associateil  with  them  are  also  of  the  more  basic  kind,  while  in 
the  more  ]>urely  feldspathic  rocks,  the  feldspars  are  of  the  more  highly 
silicat^'d  gruu])  of  those  minemls. 

Classifcatlon  according  to  circumstances  of  formation, — ^The  igneous 
rocks  are  divided  by  Sir  C.  Lyell  and  others  into  two  classes — the 
Volcanic  and  the  Plutonic.  That  classification  is  theoretically  correct, 
Jis  separating  those  formed  at  the  surface,  in  air  or  water,  from  those 
formed  deep  in  the  earth  ;  but  practically  we  often  meet  with  rocks 
that  it  is  difficult  to  place  .  with  certainty  in  either  class.  It  is, 
moreover,  often  advisable  to  avoid  terms  that  involve  theoretical  or 
foregone  conclusions.  For  these  reasons  I  should  prefer,  with  Sir  R.  I. 
Murchison  and  others,  to  arrange  the  igneous  rocks  imder  tliree  heads — 
Volcanic,  Trapi>ean,  and  Granitic ;  taking  the  middle  term  trappean  as 
one  of  convenience  only,  to  include  some  that  are  possibly  volcanic, 
some  that  are  more  essentially  granitic,  with  many  intermediate  or 
undetermined  rocks  between  the  two. 

Igneous  rocks  dilfer  among  themselves. 

Ist,  As  being  made  up  of  different  minerals. 
2dly,  As  having  different  textures. 

Tlie  tliree  principal  varieties  of  textures  are  the  crystalline  (or 
granular),  compact,  and  glassy. 

When  a  rock  is  distinctly  granular,  so  that  the  crj'stals  of  its 
mineral  constituents  are  clearly  discernible,  they  may  be  determined  by 
simple  inspection.  In  the  compact  and  vitreous  textures,  however,  the 
determination  of  the  mineral  constituents  of  a  rock  can  only  be  arrived 
at  bv  chemical  analvsis,  which  will  eith(»r  enable  us  to  determine  what 
minerals  those  substances  in  such  proix)ilion8  would  be  likely  to  form, 
or  to  coni])are  the  analyses  with  that  of  other  specimens  of  w^hich  the 
mijieral  constituents  were  known. 

It  has  been  ulrearly  stated  as  a  known  fact  in  the  manufacture  of 
glass,  that  the  very  siime  molten  mass  of  silicates  would  form  trans- 
parent gla^*s,*  opaque  slag,  or  crystalline  stone,  acconling  to  circum- 

*  The  fonnfttion  of  rryHtals  from  a  8tAt«  of  ignoouR  fiuion,  is  in  every  respect  analogoun 
t4i  wlmt  takes  j)laoe  whou  crystals  are  foniuwl  in  water.  It  is  simply  the  depoflitiou  of 
rrystals  from  solulirm  in  a  li(iui«l  that  becomes  solid  at  a  high  temperature,  or  the  orystal- 
lization  of  that  liquid  itself,  in  the  same  manner  as  when  crystals  are  deposited  fh>m  solntion 
in  water,  or  that  water  itself  freezes.  ...  A  glass  Is  a  liquid  which,  on  cooling,  becomes 
more  and  more  viscous,  ami  at  lengtli  solidifies  without  undergoing  any  sudden  or  definite 
change  in  i>hysii!al  stnicturo.  If,  however,  the  liquid  after  cooling  to  a  certain  temperature, 
crystallize,  it  undergoes  a  sudden  and  entire  jihysical  change,  and  the  structure  becomes 
stony.— (5or^y  on  M icroscopiail  Structure  of  Crystals.    Geol  Journal^  vol.  xiv.,  p.  405.) 
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stances.  As  these  different  conditions  of  texture  receive  diflferent  namc^^, 
80  may  the  different  textures  of  natural  substances  receive  different 
names,  notwithstanding  that  in  some  cases  they  consist  of  essentially  the 
flame  ingredients. 

As  some  slags  become  porous,  or  vesicular,  and  thus  pass  into 
cinders,  so  some  igneous  rocks  likewise  assume  a  vesicular  or  cinder}*^ 
texture. 

Amygdaloid, — ^When  the  pores  or  vesicles  become  filled  with  a  crys- 
taline  nucleus  or  kernel  of  any  mineral,  either  by  subsequent  infiltration, 
or  during  the  process  of  consolidation,  so  that  the  dispersed  crystalline 
patches  look  like  almonds  stuck  into  the  mass,  the  rock  is  said  to  be 
amygdaloidal. 

Porphyry, — Wlien  single  detached  crystals  are  disseminated  through 
a  com}>act  base,  or  large  crystals  through  a  fine  gi-ained  base,  the  rock 
is  said  to  be  porphyritic.  When  the  amygdaloidal  or  porjihyritic  struc- 
tures become  so  marked  as  to  appear  the  most  prominent  characters  of 
the  rock,  that  rock  has  often  been  s^wken  of  simply  as  an  amygdaloid 
or  a  porphyry.  As,  however,  these  are  incidental  structures  conmion, 
the  amygdaloidal  to  several,  the  porphjTitic  to  all  igneous  rocks,  this 
nomenclature  involves  the  mistake  of  elevating  an  accidental  to  an 
essential  attribute  ;  a  mistake  it  is  better  to  avoid. 

In  the  following  descriptions  of  the  igneous  rocks  I  am  largely 
indebt^xl  to  Cotta's  Gesteinslehre,  to  the  introduction  to  Daubeny*s 
Volcanoes,  to  the  last  chapter  of  the  third  volume  of  D'Archiac's 
Histoire  dea  Progr^s  de  la  Geologic,  and  to  the  Rssiiy  on  Comparative 
Petrology*  by  M.  J.  Durocher,  Mining  Engineer,  and  Professor  of  the 
Faculty  of  Science  at  Rennes.  The  new  edition  of  Naumann's  Lehrbuch 
der  Geognsie,  from  which  much  of  Cottars  matter  seems  to  be  taken, 
and  Senft's  Classification  und  Beschreibung  der  Felsarten,  have  also 
been  consulted. 

I« — The  Volcanic  Bocks. 

These  are  spoken  of  under  the  general  term  of  Lava.  Tliey  include, 
however,  some  that  would  be  more  conmionly  described  as  trap  rather 
than  lava,  and  others,  such  as  tuff  and  ashes,  which  could  not  strictly  be 
called  by  either  name. 

The  volcanic  rocks  have  been  classified  bv  Abich  under  three 
heads  : — a.  Trachyte  ;  6,  Dolerite  ;  c,  Trachy-dolerite. 

*  I  have  ufied  the  EngliAh  tranRlation  of  this  Rdmireblc  eftsay  made  by  the  Rev.  Professur 
Hugfaton,  F.T.C.D.    Published  by  M'GloMhan  and  Oill,  Dublin. 

Since  the  above  was  written,  the  melancholy  news  of  Mr.  Durocher's  decease  has  reached 
Dublin. 


CO  TRACHYTE  AND  DOLKRITE. 

Bunsen,  also,  in  his  memoir  on  the  volcanic  rocks  of  Iceland^  gives 
a  similar  classification,  describing  his  normal  trachytic  rocks  as  one  end 
of  the  series,  and  his  iwrnud  jnfroxenic  rocks  at  the  other  end,  with 
many  intermediate  varieties  between  the  two.  He  states  the  following 
as  the  mean  value  of  the  composition  of  his  two  normal  rocks, 
and  shews  that  by  analysing  any  intermediate  variety  of  rock,  and 
determining  the  proportion  of  any  one  of  these  ingredients  (taking 
the  silica  as  the  easiest  and  best),  the  proportion  of  the  other  ingredients 
may  be  calculated,  and  thus  may  be  determined  the  quantities  of  these 
two  normal  substances  which  have  been  mixed  together  to  form  the 
rock  in  question. 

Normal  Nonnal 

Trachytic.      Pjrroxcnic. 

Trachyte.        Dolerite. 

Silica          ....  76.67  48.47 

Alumina  and  protoxide  of  iron  14.23  30.16 

Lime          ....  1.44  11.87 

Magnesia    ....  0.28  6.89 

Potash  3.20  0.65 

Soda            ....  4.18  1.96 


100.00        100.00 

The  Trachytes  are  so  called  from  the  Greek  word  "  trachys,"  rough, 
as  they  commonly  have  a  rough  prickly  feel  to  the  finger.  They  are 
usually  light-coloured,  pale  gray,  or  white,  but  sometimes  dark  gray  and 
nearly  black.  They  are  composed  principally  of  feldspar,  the  feldspar 
being  one  of  the  varieties  that  is  rich  in  silica,  such  as  Orthoclase,  or 
its  varieties,  and  not  any  of  those  in  which  the  bases  are  more  abundant, 
such  as  Labradorite  or  Anortliite. 

As  trachyte  is  made  into  a  class,  as  well  as  a  species  of  rock,  we 
may  similarly  elevate  dolerite. 

The  Dolerites,  so  called  from  the  Greek  "  doleros,"  deceptive j  are 
usually  of  a  dark  green  or  black  colour,  weathering  brown  externally. 
They  are  commonly  heavier  than  the  trachjrtes,  as  containing  a  less 
proportion  of  silica,  and  a  greater  one  of  the  heavier  bases. 

They  are  composed  partly  of  a  feldspathic  and  partly  of  an  augitic 
(or  pyroxenic)  mineral,  the  feldspar  being  commonly  one  of  the  more 
basic  silicates,  such  as  labradorite  or  anorthite. 
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The  Trachytes,  or  Feldspathic  Lavas. 

1.  Trachyte,  properly  so  called,  has  either  a  fine  grained,  or  quite 
compact  texture,  a  harsh  feel,  and  sometimes  a  cellular  and  scorified 
appearance.  It  varies  in  colour  from  a  pale  gray  to  dark  iron  gray,  and 
is  sometimes  reddish  from  the  presence  of  iron.  It  is  composed  of  a 
confused  aggr^ation  of  crystals  of  feldspar,  often  minute  and  needle- 
shaped,  but  with  others  lai^r  and  more  distinct. 

This  feldspar  is  said  to  be  commonly  potash  albite  (or  pericline), 
and  glassy  feldspar  (or  adularia),  in  which  some  of  the  potash  is  replaced 
by  soda.  Crystals  of  mica  and  hornblende  are  often  present,  and  some- 
times even  of  augite,  the  whole  either  confusedly  imited  \iithout 
cement,  or  embedded  in  a  feldspathic  paste,  either  cellular  or  compact. 

I  extract  here  from  Durocher*s  Essay  on  Comparative  Petrology,  as 
translated  by  Haughton  the  analysis^  of  this  rock,  giving  the  maxi- 
mum, minimimi,  and  mean  of  the  analyses  of  many  specimens  by  dif- 
ferent experimenters,  and  shall  do  the  same  for  the  other  principal  types 
of  rock. 

Specific  gravity,  maximum  2.73,  minimum  2.60,  mean  2.66. 


SUica* 

Potasli    . 

Soda 

Lime 

Magnesia 

Oxides  of  iron 

manganese 
Loss  by  ignition 


and) 


Maximum. 

Miuimum. 

78 

66 

18 

11 

9 

4 

2.5 

0 

1.5 

0 

2 

0 

2.5 

0.5 

1.5 

0 

Mttan. 


72.8 
15.3 
6.4 
1.4 
0.7 
0.9 

1.7 

0.8 


100.0 


2.  Trachy  tic  Porphyry  has  seldom  a  scorified  aspect,  looking  often 
more  like  a  plutonic  than  a  volcanic  rock,  as  that  of  the  Pic  de  Sancy, 
and  the  Roc  de  Cacadogne,  of  Mont  Dor,  which  at  first  sight  resembles 
granite  in  external  appearance. 

Crystals  of  glassy  feldspar,  sometimes  small,  but  sometimes  as  much 
as  half  an  inch  long,  white  or  fiesh-coloured,  are  set  in  a  compact  light- 
coloured  feldspatliic  paste,  with  brown  mica,  and  sometimes  also  it  is 
*  There  in  said  to  be  a  trace  of  titanic  acid  with  the  siiica  in  most  or  all  of  thoae  caaen. 
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PEARLSTONE. 


siiid  with  crj'stals  of  quartz.*  Many  varieties  of  tracLytic  por[)hjTy 
contain  a  niunber  of  very  small  'globules,  which  seem  to  con»i8t  of 
melted  feldspar,  having  often  in  their  centre  a  little  crystal  either  of 
([uartz  or  m'wAX,  The  assembhigc  of  these  globules  leaving  minute  adl» 
between  them,  siometimeH  gives  to  tlie  rock  a  scorified  aspect" — 
(Daubeiiy).  Chalcedony  occui-a  in  small  geotleH,t  and  sometimes 
intimately  mixed  \\'ith  the  paste  in  wliich  the  crystals  are  embeilded. 

Specific  gra\'ity,  maximum  2.65,  minimum  2.52,  mean  2.58. 


Maximum. 

Minimam. 

Mean. 

Silicii. 

75 

G8 

72.8 

Alumina 

14 

13 

13.5 

Potush 

8 

3 

4.9 

■  Soda  .... 

7 

1.5 

4.2 

1  Lime  .... 

1 

0 

0.5 

Magnesia     . 

2 

0 

0.7 

Oxides   (jf   iron  and  |^ 
manganese       .       J 

3 

1 

1.7 

Loss  by  ignition  . 

5 

0 

1.5 

99.8 

3.  Pearhtone  is  composed  of  a  number  of  globules  from  the  sixe  of 
a  nut  to  that  of  a  grain  of  sand,  of  a  ^ntreous,  or  enamelled  aspect,  and 
pearly  lustre,  adhering  tc>gether  without  any  paste.  These  sometimes 
lose  their  lustre  and  size,  and  pass  into  a  compact  stony  mass,  or  change 
into  globules  of  feldspar,  compact,  or  radiated — the  whole  rock  being 
comjwsed  of  them.  Many  variations  occur  ;  the  whole  sometimes  be- 
coming fibrous,  cellular,  spongy,  and  passing  giiidually  into  pumice. 

Trachytic  i)orphyry  sometimes  ptisses  into  pearlstone  by  insensible 
gradations,  just  iis  we  shall  hereafter  see  that  felstone  is  sometimes  por- 
phyritic  and  sometimes  nodular  and  concretionar}^ 

4.  Domite  is  a  grayb*h  white,  fine  grained,  comi>act,  earthy,  and 
often  friable  variety  of  trach^-te.  It  frequently  contains  flakes  of  brown 
mica.  It  ai)pears  to  be  a  decomposed  tmchyte,  in  which  the  feldspar  is 
affected,  but  the  mica  not.  Tlie  i)assage  of  muriatic  (liydrochloric)  acid 
is,  l>y  some,  supposed  to  have  ellected  this  transformation.  It  is  a  re- 
markable rock,  but  not  one  of  genend  occurrence,  being  nearly  confined 
to  the  district  of  the  Puy  de  Dome,  in  Fiiince. 

*  See  Xaumnim's  I^lirlnich  der  GcoKiinsle,  1st  voL  p.  781. 

t  Geofles  are  rounfled  concretions,  genc-nilly  hollow,  and  containing  crystals.     Tliey  arc 
Mometimes  called  "  potatoe  stones  "  from  their  size  and  shape. 
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5.  Andesitf  ;  a  trachytic  rock,  found  in  Cliimborozo  and  other  parts 
of  the  Andes  ;  has  white  crystals  resembling  albite  in  a  m^stalline  base 
of  a  dork  colour.  It  lias  various  degrees  of  compactness  and  consistency, 
and  has  a  coarse  conchoidal  fracture.  Small  cr^'stals  of  glassy  feldspar 
(iccur,  though  rarely,  but  those  of  hornblende  are  conmion  ;  and  aiigite 
is  also  present  sometimes.  From  the  predominance  of  hornblende  it 
sometimes  passes  into  a  diorite  or  greenstone. 

6.  Clinlstone  or  PhcnoUte  is  a  coukpact  homogeneous  rock,  with  a 
scaly  or  splintery  fracture,  sometimes  conchoidal,  of  a  grayish  green, 
or  ashy  gray  colour,  both  weathering  wliite  externally.  It  is  often 
rendered  porphyritic  by  scattered  crystals  of  glassy  feldspar,  but  these 
are  commonly  not  veiy  distinctly  8e|Mirable  from  it,  appearing  only  as 
brilliant  surfaces  here  and  there  in  the  mass.  Hornblende,  aiigitc,  and 
magnetic  iron  are  rare  in  it  According  to  Qmelin  it  consists  of  a  mix- 
ture of  glassy  feldspar,  with  a  zeolite  in  variable  proportions.  It  may, 
therefore,  be  formed  from  trachyte  by  the  addition  of  sea-water ;  the 
iioda  of  which,  combining  with  some  of  the  orthoclase,  would  make 
}{lassy  feldspar,  while  the  water,  combining  with  the  other  constituents, 
would  form  a  zeolite. — (Alichy  hi  D'Archiac^  vol.  iii.,  p.  604.) 

Clinkstone  commonly  .split'*  into  thin  blabs,  and  is  often  8o  linely 
laiiiinated  as  to  be  used  for  roofing  slate.  The  slabs  give  a  met^dlic  sound 
when  struck  with  the  hanm)er,  whence  its  name.  It  is  s<)nietinie."*  per- 
fintly  colunmar  ;  the  columns  splitting  acro.^is  into  j>lab.s,  which  are  al.^^o 
UM.ll  as  slat^^s.  It  may,  however,  perhaps  l»e  doubted,  whethor  many  t)f 
the  s«>-called  volcanic  dinkst^jnes  really  contain  water  acconling  to  the 
definition,  and  whether  they  are  not  a  llaggy,  or  laminated  variety  of 
coni[>iict  trachyte. 

Specific  ^^ravity,  mean  2.58. 


! 
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02 

54 
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24 

17 
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2 

0 
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3.5 

1.5 

1.0 

3.5 
3.2 
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Durocher  places  Pitchstone  or  Ketinite  among  the  trachytic  groups, 
Naumann,  Cotta,  and  others,  among  the  Felstones,  where  it  is  mentioned 
farther  on.  It  would  be  very  difficult  to  decide  which  arrangement  is 
really  the  best. 

7.  Obsidian,  or  Volcanic  Olass,  is  the  vitreous  condition  of  a  trachy- 
tic rock.  It  is  said  to  be  necessary  for  its  natural  production  that  the 
rock  should  be  composed  of  minerals  rich  in  silica,  "  or  trisilicates ;" 
the  simple  **  silicates/*  or  "  bisilicates  **  of  alumina,  being  incapable  of 
forming  obsidian.*     {Dauheny,  p.  16,  2d  edition.) 

It  commonly  looks  like  coarse  bottle  glass,  having  a  conchoidal 
fracture  and  breaking  into  sharply  angular  fragments,  semi-transparent 
or  translucent  at  the  e<lges,  black,  brown,  or  grayish  green,  rarely  yel- 
low, blue,  or  red,  sometimes  streaked. 

Specific  gravity,  maximum  2.55,  luinimum  2.25,  mean  2.40. 


Maximam. 

Minimum. 

MeaiL 

SUica 

78 

61 

71.0 

Alumina 

19 

10 

13.8 

Potash 

7    ■ 

0 

4.0 

Soda  .... 

11 

0 

5.2 

Lame  .... 

2 

0 

1.1 

Magnesia     . 
Oxides  of  iron   and  ) 
manganese       .       J 
Loss  by  ignition  . 

1 
6 
1.5 

0 
2 
0 

0.6 
3.7 
0.6 

100.0 

8.  Pumice  is  the  cellular  and  filamentous  form  of  obsidian  or  other 
trachjrtic  rock,  and  the  same  remarks  as  to  composition  will  apply  to  it 

Abich  divides  pumice  into  two  groups  ;  the  cellular  being  dark 
green,  poorer  in  silica  and  richer  in  alumina,  derived  from  clinkstone, 
trachyte,  or  andesite  ;  the  filamentous  white,  containing  more  silica,  and 
derived  from  trachytic  porphyry. 

*  I  do  not  at  all  dispute  the  truth  of  the  origin  here  assigned  to  all  natuiaUy  fonned  ob- 
sidian, but  it  is  equally  true,  that  basalt  can  be  artificially  converted  into  a  subctance  pre- 
cisely resembling  natural  obsidian,  by  simple  melting  and  rapid  cooling.  Measrs.  Chance 
of  Birmingham  melted  the  basalt  of  the  Rowley  Hills  by  simple  heat  without  the  addition 
of  any  foreign  ingredient,  and  cast  i^  into  blocks  and  ornamental  mouldings  for  architectoral 
purposes.  Portions  which  were  allowed  to  cool  rapidly,  formed  obsidian,  ondistingoiah- 
able  by  any  external  character  fh>m  that  of  volcanic  districts.  Specimens  may  be  teen 
In  the  Museums  of  Jermyn  Street,  London,  and  Stephen's  Qreen,  Dublin. 
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It  is  in  fiftct  the  freth  of  a  lava,  its  porous  and  filamentous  characters 
being  due  to  the  escape  of  gaseous  matter  through  it  Owing  to  this 
porous  and  vesicular  character  it  swims  on  water,  but  its  true  specific 
gravity  when  pounded,  varies  from  2.0  to  2.53,  the  mean  being  2.30. 


IfaximanL 

Ifinimam. 

Mean. 

Silica 

77.0 

61.0 

68.8 

Alumina 

18.0 

10.0 

14.0 

Potash 

6.0 

1.5 

3.7 

Soda  .... 

11.0 

0.0 

6.0 

Lrme  .... 

2.0 

0.0 

1.1 

Magnesia     . 
Oxides    of    iron    and  ) 
manganese     .         J 
Loss  by  ignition  . 

1.0 
4.5 
4.0 

0.0 
0.5 
0.6 

0.6 
3.2 
2.6 

100.0 

The  Dolerites,  or  Auomc  I/avas. 

9.  Dcleritt, — ^A  crystalline,  granular,  distinct  mixture  of  labradorite 
and  augite  with  some  titaniferous  magnetic  iron  ore,  and  also  often  with 
some  carbonate  of  iron  and  carbonate  of  lime.     General  colour,  dark  gray. 


;  caruuuaM;  oi  iruu  ana  caruouai/e  oi  Jime.      ureneiui  < 
Specific  gravity,  maximum  3.10,  minimum  2.85, 


mean  2.95. 
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DOLERinC  LAVAS. 


The  labradorite  forms  white  or  light  gray  tabular  crystals,  and  the 
augite  black  columnar  ones.  Both  can  easily  be  distinguished  by  the 
naked  eye,  especially  in  the  coarser  varieties.  The  magnetic  iron  forms 
iunall  octahedral  scarcely  visible  grains,  which  can  be  recognised  only 
by  the  magnet. — Cotta, 

Naumann  and  Cotta  mention  a  variety  from  Aulgasse  near  Siegburg, 
which  contains  28  per  cent  of  the  carbonates,  three-fourths  of  that  being 
carbonate  of  iron. 

Granular  crj'stalline,  porphjTitic  and  amygdaloidal  varieties  of  the 
rock  occur. 

10.  Anamesite  is  properly  only  a  fine-grained  dolerite,  so  fine-grained 
that  we  can  only  distinguish  the  fact  of  the  granular  texture,  and  no 
longer  recognise  the  individual  minerals.  Its  colour  is  dark  gray  or 
greenish  or  bro\iTiish  black.  It  forms  the  intermediate  step  between 
dolerite  and 

11.  Basalt,  which  is  a  compact,  apparently  homogeneous,  nearly  or 
altogether  black  rock,  with  a  dull  conchoidal  fracture.  It  often  con- 
tains crystals  or  grains  of  augite,  olvine,  or  magnetic  iron,  and  is  some- 
times vesicidiir  or  aiuygdaloidal.* 

Specific  gravity,  maximum  3.10,  minimum  2.85,  mean  2.96. 
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Mean. 
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53 

42 

48.0 

Alumina 
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10 
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3 

0.5 
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14 
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3 
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16 

9 

13.8 

■       manganese 
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• 

5 

1 

3.2 

1 
1 
1 

100.0 

The  knowledge  of  the  composition  of  basalt  dates  from  1836,  when 
Gmelin  shewed  that  it  was  like  phonolite,  an  intimate  mixture  of  one 

*  AocoRlins  to  Cotta,  the  rock  of  the  Giant's  Causeway,  etc.,  in  the  north  of  Ireland, 
ought  to  lM>  called  nnamesite  rather  than  basalt.  According  to  Scnft  the  basalt  of  the 
Ht.wlfy  hill.<»  in  Staffurdahirc  is  nielaphjT,  as  is  also  the  toadstoue  of  Derbyshire.  I  fear 
that  these  detemiinalions  may  be  due  to  the  preconcepUon  that  basalt  proper  conld  not 
»'ceur  in  the  older  rocks  rather  than  to  any  sounder  reason. 
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part  that  was  decomposable  in  acid  and  another  not  decomposable. 
The  decomposable  portion  is  partly  of  the  nature  of  a  zeolite,  partly  of 
that  of  labradorite  ;  the  undecomposable  portion  is  augite. — Cotta, 

Basalt,  therefore,  as  it  contains  water  in  its  zcolitic  ]X)rtion,  bears 
the  same  relation  to  dolerite  that  clinkstone  does  to  trachyte. 

Tlie  three  rocks  above  mentioned  differ  rather  in  texture  than  in 
mineral  composition.  In  the  two  following  rocks  another  feldspathic 
mineral  is  substituted  for  the  labradorite. 

1 2.  Nephtline  DoUritt  is  a  crystalline  granular  mixture  of  nephe- 
line,  augite,  and  some  magnetic  iron. — Cotta, 

1 3.  Leucite  Rock  is  a  crystalline,  granular,  porphyritic-like,  or  even 
a  compact,  aggregate  of  leucite,  augite,  and  some  magnetic  iron  ;  gene- 
rally gray. — Cotta. 

TrACHT-DOLERTTE,  OB  IXTERMEDIATE  LaVAS. 

These  rocks,  from  their  very  nature,  do  not  admit  of  any  precise 
definition  or  nomenclature.  The  rocks  already  named  and  described 
are  mixtures  of  various  minerals.  When  those  mixtures  are  in  any- 
thing  like  definite  proportions,  and  the  luinerals  are  well  characterized, 
the  rocks  assume  a  particular  character,  and  are  capable  of  definition. 
When,  however,  the  mixtures  become  indefinite,  and  the  minerals  begin 
to  pass  one  into  another,  or  are  so  intimately  blended  that  they  cannot 
be  distinguished,  attempts  at  definition  oidy  lead  to  confusion  instead 
of  order,  and  encumber  the  memory  rather  than  assist  it. 

Instead  of  separating  these  blending  rocks,  then,  and  distinguishing 
them  by  different  names,  it  is  better  to  unite  them  under  one  tfnu, 
such  as  that  proposed  by  Abich,  of — 14.  Trachy-<lolerite. 

Neither  is  tliis  a  mere  evasion  of  a  difficulty,  since  the-  tilings 
themselves  are  so  similar  both  in  substance  and  in  origin,  that  the 
creation  of  distinct  names  would  be  merely  making  distinctions  where 
no  real  or  essential  difference  exists. 

Abich,  however,  seems  rather  to  have  proposed  the  term  of  Trachy- 
dolerite  in  order  to  designate  a  jjarticular  variety  of  rock  rather  than 
to  include  an  indefinite  group,  and  Durocher  gives  it  a  particular  com- 
position, which,  however,  I  omit. 

The  Mechanically  formed  Accompaniments  of  Lava. 

1 6.  Volcanic  Tuff  {Volcanic  Ash)  consists  of  the  ash,  dust  or  powder, 
mixed  with  lapilli  (or  rapilli),  or  small  fragments  of  lava,  ejected 
from  a  volcanic  orifice  during  eruption.     These  materials  often  greatly 
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surpass  in  bulk  the  mere  lava  streams  which  precede,  follow,  or  accom- 
pany them.  We  may  include  under  the  term  also  the  accumulations 
of  still  larger  masses,  provided  we  can  shew  that  they  were  ejected 
masses,  and  not  derived  by  mere  erosion  from  the  waste  of  a  cooled 
lava.  The  state  of  consolidation  of  these  materials  varies  as  much  as 
the  size  and  composition  of  their  particles.  Sometimes  they  remain 
quite  loose  and  incoherent,  sometimes  form  a  solid  stone.  If  after 
ejection  they  fall  on  the  land,  they  may  become  compacted  into  a  rock 
either  by  the  simple  pressure  of  their  own  weight,  or  in  consequence  of 
the  percolation  of  water.  This  water  may  either  be  rain  falling  with 
the  ashes,  or  rain  or  other  water  subsequently  gaining  access  to  them. 
Tlie  ash  that  fell  on  Herculaneum  was  mixed  with  water,  and  is  there- 
fore much  more  consolidated  than  that  which  covered  Pompeii  If  the 
ashes  fall  in  the  sea  they  become  subject  to  the  conditions  under  which 
all  other  mechanically-formeil  aqueous  rocks  are  produced.  In  this  case 
tuff  or  ash  often  contains  fossil  shells. 

Abich  describes  the  trachj-tic  tuifs  of  the  neighbourhood  of  Naples 
as  of  two  sorts — one  inferior,  of  a  clear  straw-colour,  characterised  by 
fragments  of  glassy  feldsi>ar,  augite,  and  hornblende,  the  other,  or  upper 
tuff,  being  wliite,  in  thinner  beds,  and  with  much  pumice. 

Some  geologists  confine  the  term  tuff  to  trachytic  masses,  and  use 
the  word  "  peperino**  to  designate  those  derived  from  pyroxenic  (or 
augitic)  rocks. 

Immense  piles  of  volcanic  sand  and  gravel,  and  great  breccias  com- 
lK)sed  of  large  semi-angular  fragments,  also  not  unfrequently  occur, 
which  couhl  not  proiM?riy  be  included  under  the  Italian  word  « tulf," 
or  the  English  «  ash,"  because  thev  are  more  probablv  the  result  of  the 
mere  aqueous  erosion  of  a  pre\iouslv  existing  lava  than  the  contempo- 
luneous  accompaniment  of  a  lava  stream.  Sir  C.  Lyell  uses  the  term 
^'lomerate"  in  describing  some  of  these  masses  of  fraffments  of 
volcamc  rocks.  ^ 

The  wonl  "  ash"  is  not  a  very  good  one  to  include  all  the  mechani- 
cal accompanmients  of  a  suWrial  or  subaqueous  eruption,  since  ash 


seems 


A  Z^^i^^^  "■stricted  to  a  lino  powder,  the  residuum  of  TOmbnstion. 
thcrsi«:  r?  ^"^  to  expn-ss  all  such  arcompaniments,  no  matter  what 

olagtic  material,"  ill  i  3  ""'^^'*  """^  *''^'"  perhaps  "pyro- 

lUh  word  X-h  iuM       '  '^"■ir""'^''^  '"  ^"^^  *"  t^"'»^  of  ««  Eng- 
that  the  o'ly  pi  *  Si   l^T  """.  "'"'"'"S'  *»•!  l'^««^«.  therefo^, 

lated  during  an  igncoiu  enm^^  *"''"^^»:1«  »"  *»»«  fragmenta  accxunti- 
they  may  be.       ^  «"'l't.on.  no  matter  what  sire  or  what  shape 
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n. — Trappean  Bocks. 

It  lias  been  before  said  thnt  this  designation  is  adopted  as  a  con- 
venient one  only,  and  for  the  same  reason  I  would  extend  it  Tlie 
word  "  trap"  has  hitherto  been  considered  to  be  strictly  applicable  only 
to  homblendic  or  augitic  rocks,  Naiunann  uses  it  as  a  synonym  for 
basalt ;  and  Senft  for  melaphyr,  and  what  he  calls  basaltite.  It  is 
derived  from  the  Swedish  trajypa,  a  stair,  those  rocks  being  supposed 
usually  to  assume  a  step-like  form.  The  tenn,  as  thus  derivwl,  is, 
however,  no  more  exclusively  applicable  to  the  homblendic  than  to  the 
feldspathic  igneous  rocks,  and  has  often  been  used  vaguely  to  designate 
any  igneous  rocks  which  could  not  be  said  to  be  distinctly  granitic  on 
the  one  hand,  or  absolutely  volcanic  on  the  other.  In  this  vague  and 
general  sense  I  shall  here  use  it,  its  ver)'  vagueness  being  its  recom- 
mendation as  best  adapted  to  receive  a  class  of  rocks  that  do  not  admit 
of  any  strict  definition  or  circumscription- 

As  the  volcanic  rocks  are  divisible  into  three  heads,  feldspathic, 
auntie,  and  intermediate,  so  we  may  conveniently  divide  trappean  rocks 
into  three  similar  heads,  feldspathic,  homblendic,  and  intennediate. 
For  the  two  first  of  these,  the  general  designations,  Felstone  and 
Greenstone  may  be  used.  Felstone  will  comprise  the  siliceous  traps,  as 
trachyte  does  the  siliceous  lavas,  and  greenstone,  the  more  basic  traps, 
as  dolerite  includes  all  the  more  basic  lavas.  The  blow-pipe  comes  here 
into  play  as  a  good  practical  means  of  distinguishing  between  the 
varieties  of  trap,  as  the  more  readily  fusible  varieties  will  almost  cer- 
tainly belong  to  the  basic  class  rather  than  the  siliceous. 

Felstone  or  Feldspathic  Traps. 

1 6.  Felstone  is  a  name  taken  from  the  German  Feldstein,  and  propose<l 
by  Professor  Sedgwick  to  designate  a  class  of  igneous  rocks  to  which 
many  titles  have  been  given,  but  which  have  not,  till  lately,  been 
properly  examined  and  describe^!.  Compact  feldspar,  petrosilex,  and 
comean,  are  among  these  names,  as  well  as  the  homstone  of  some 
geologists,  though  that  name  has  also  been  ap})lied  to  chert,  and  to 
altered  clav  rocks.  Tlie  Germans  describe  this  rock  under  the  head  of 
Porphyry  or  Felsite  porphyry,  thus  assuming  an  accidental  variety  of 
Htructure  as  an  essential  character.  Any  one  who  had  mapped  whole 
mountains  and  great  districts  of  it,  as  the  Officers  of  the  Geological 
Survey  have  done  in  Wales  and  Ireland,  would  have  felt  the  necessity 
of  having  a  name  to  distinguish  the  rock  itself,  whether  it  was  com- 
pact, as  it  usually  occurs,  or  crystalline,  or  porphyritic. 
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FeUtom  is  a  compact,  smooth,  hard,  flinty-looking  rock. 

It  has  two  principal  varieties  ;  the  pale  green  passing  into  a 
greenish  or  yellowish  white,  and  the  blue  or  gray  varjdng  from  pale  to 
dark  gray.  The  gray  or  blue  variety  weathers  white,  its  external 
margin  being  wliite  sometimes  to  the  depth  of  a  line,  sometimes  to  that 
of  an  inch  or  two.  Some  blocks  that  appear  wholly  white  have  a  small 
blue  patch  in  the  centre.  The  green,  or  greenish  white  variety  is  often 
very  translucent  at  the  edges  ;  the  gray  is  commonly  opaque.  The 
fracture  is  generally  smooth  and  straight,  seldom  conchoidal,  but  in 
some  of  the  blue  or  gray  varieties  it  is  rough  and  splintery.  It  often 
splits  into  small  slabs,  and  sometimes,  e8i>ecially  the  green  kinds,  into 
laminas. 

The  fragments  sometimes  ring  with  a  metallic  sound  like  clinkstone, 
and  many  so  called  clinkstones  (such  as  those  of  the  Roche  Sanadoire 
and  Tuilliere  in  the  Mont  Dor  district,  and  those  of  the  Velay)  are 
very  similar  in  external  characters  to  many  of  the  felstones  of  Wales 
and  Ireland. 

Durocher,  under  the  name  of  petrosilex,  gives  the  following  com- 
j)08ition  of  felstone. 

Specific  gravity,  maximum  2.68,  minimum  2.58,  mean  2.64. 


Mnximum. 

Miuimom. 

1 
Mean. 

Silica 

80 

68 

75.4 

Alumina 

18 

11 

15.0 

Potash 

6 

2 

3.1 

Soda 

6 

0 

1.3 

Lime 

2 

0 

0.8 

Magnesia 

2.5 

0 

1.1 

Oxides    of    iron     a] 

""} 

4.5 

0.5 

2.3 

manganese 

1 

Loss  by  ignition 

3.5 

0.0 

1 

1.0        ' 

100.0 

In  many  felstones,  both  in  North  Wales  and  South  Ireland,  lines 
and  stria)  of  slightly  different  colours,  resembling  lines  of  lamination 
or  deposition,  can  be  traced  through  the  mass  of  the  rock,  sometimes 
straight,  sometuues  more  or  le^ss  wavy  and  tortuous,  like  the  variously 
hued  lines  and  bands  in  a  slag  from  an  iron  furnace,  and  resulting, 
probably,  like  them,  from  the  motion  of  the  mass  when  in  a  pasty  and 
semifluid  condition. 
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In  the  most  smooth  and  compact  varieties,  the  lens  yriW  often  dis- 
close small  shining  facets  of  crystals  of  feldspar,  and  these  become 
larger  and  more  numerous  till  we  reach  the  completely  granular  and 
crystalline  felstones.  Small  crystals  or  crj'stalline  portions  of  quartz 
also  are  occasionally  present  in  most  varieties. 

Sometimes  the  rock  becomes  nodular  and  concretionary,  the  notlules 
varying  in  size  from  that  of  a  pea  to  that  of  a  man's  tist,  either  scattered 
in  a  compact  or  powdery  base,  or  touching  each  other  and  making  up 
almost  the  whole  mass  of  the  rock.  Tlie  substance  of  these  nodules  is 
sometimes  the  same  as  that  of  the  base,  but  in  some  instances  they  are 
hollow,  and  contain  crystals  of  quartz  and  other  minerals,  and  also  a 
soft,  dark  green  earth.  In  this  respect  it  seems  to  resemble  the  rock 
previoiisly  described  as  pearlstone,  though  it  never  has  any  pearly  or 
other  lustre. 

The  Rev.  Professor  Haughton  has  lately  published*  the  follo>\'ing 
analyses  of  felstones,  and  shewn  by  discussing  the  atomic  proi)ortion8 
of  their  constituents  that  they  may  certainly  be  looked  upon  as  luixtures 
of  orthoclase  and  quartz,  a  conclusion  whicli  had  ]>reviously  been  rather 
a  suspicion  than  an  ascertained  fact.  I  have  added  the  proportions  of 
the  two  minerals  at  the  foot,  so  as  to  comprise  the  whole  in  one  table  : — 


A 

B 

c 

D     . 

E 

MeanM. 

Silica 

81.36 

78.40 

77.20 

71.52 

74.88 

76.67 

Alumina  . 

.    7.86 

11.32 

6.54 

12.24 

12.00 

9.99 

Peroxide  of  iron 

3.32 

0.92 

5.82 

3.16 

3.50 

3.37 

Potash 

3.09 

4.83 

3.69 

5.65 

4.77 

4.40 

Soda 

2.63 

3.09 

3.03 

3.36 

2.49 

2.92 

Lime 

0.99 

0.45 

1.81 

0.84 

0.34 

0.88 

Magnesia. 

0.45 

0.48 

0.60 

0.39 

1.28 

0.64 

Protoxide  of  iron 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

0.20 

0.04 

Loss  by  ignition 

•  •  • 

0.56 

1.12 

1.20 

1.20 

0.81 

ToTAija 

99.70 

100.05 

99.81 

98.36 

100.66 

99.72 

Quartz 

45.54 

37.17 

40.81 

20.51 

26.46 

34.09 

Feld;?par  . 

54.16 

62.32 

56.07 

76.65 

73.00 

64.44 

TOTATi* 

99.70 

99.49 

96.88 

97.16 

99.46 

98.53 

*  In  a  paper.  On  the  Lower  Paleozoic  Rocks  of  the  South-East  of  Ireland,  by  Professor 
Hanghton,  and  J.  Beete  Jukes.    Trans.  R  L  Academy,  toL  xxlii. 
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A  was  from  Ballymiirtagh  in  the  Vale  of  Avoca,  county  Wicklow, 
from  a  depth  of  two  or  three  feet  in  the  rock,  obtained  by 
blasting,  natural  colour  pale  grayish  green,  weathering  white. 

B  From  Carrickbum,  county  Wexford,  pale  grayish  green,  weathers 
quite  white,  becomes  in  places  nodular  concretionary,  having 
balls  from  one  to  three  inches  in  diameter. 

C  Bonmahon,  county  Waterford,  pale  greenish  gray,  stratified  in 
some  places,  in  others  colunmar,  translucent  on  edges. 

D  Benaumnorc,  near  Killamey,  columnar,  greenish  gray,  compact 
with  facets  of  feldspar  and  globular  specks  of  quartz. 

£  The  rock  called  Pits  Head,  between  Beddgelert  and  Caernarvon, 
North  Wales,  pale  green,  semi-translucent,  with  facets  of  feldspar. 

D  is  embedded  in  rocks  of  Old  Red  Sandstone,  surrounded  with 
great  beds  of  "ash"  of  the  same  composition  as  itselfl  The 
others  are  all  included  in  Lower  or  Cambro-Silurian  rocks, 
generally  associated  with  similar  "  ashes,"  or  "  felstone  tuffs." 

If  we  compare  these  analyses  of  felstone  with  those  previously  given 
of  trachyte  and  trachji;ic  porphyry,  we  should  be  stnick  with  their 
resemblance.  We  may  certainly  say  that  some  of  the  more  highly 
silicated  trachytes  would  include  some  of  the  less  highly  silicated 
felstones.  It  is  distinctly  stated  by  Naumann  (Lehrb.  der  Qeog.  voL  i. 
p.  611)  that  according  to  Abich*s  researches,  Trachytic  porphyry  is  an 
intimate  mixture  of  Sunidine,  of  Albite  (or  Orthoclase),  and  free  Silica, 
which  latter  is  present  to  an  amount  of  26  or  30  per  cent ;  which 
accounts  for  the  frequent  appearance  of  crystalline^granules  of  quartz. 

Tliere  is,  theriifore,  no  essential  difference  in  composition  between 
such  a  variety  of  Trachyte  and  some  of  the  Felstones. 

Tlie  most  usual  form  of  Felstone  is  one  which  is  perfectly  compact, 
sometimes  as  much  so  as  a  porcelain  without  the  glaze.  In  other  cases 
a  few  half-formed  facets  of  feldspar  will  be  seen  glancing  here  and  there 
in  the  mass.  It  passes  then  into  a  variety  in  which  crystals  of  feldspar 
become  numerous,  and  from  that  into  a  granular  aggregate  of  crystals 
of  feldspar  and  quartz,  or  a  rock  which  is  sometimes  called  a  quartz- 
iferous  porphyry  (quartzfiihrender  porphyr,  porphyre  quartzifere). 

Tills  latti*r  rock  is  known  in  Cornwall  frequently  to  occur  in  the 
form  of  dykcH,  which  are  called  "  elvans,"  and  it  appears  to  me  that  the 
term  "elvanite"  might  be  adopted  with  advantage  instead  of  the  more 
cimibrous  designation  of  "  quartziferous  porphyry."  This  rock  forms 
one  of  the  intermediate  gradations  between  Felstone  and  Granite. 

When  in  a  ground  mass  or  base  of  compact  felstone,  distinct  crystals 
of  Feldspar  lie  scattered  about,  the  rock  then  becomes  a  prophyiitic 
Felstone,  or  Felstone  porphyry.     It  not  unfrequently  happens  that  the 
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scattered  crystals  of  feldspar  are  of  a  diflerent  colour  from  the  base, 
and  the  rock  may  then  be  u.sed  ba  an  ornamental  marble,  and  spoken 
of  simply  as  Porphyry.* 

In  the  Report  of  the  progress  of  the  Geological  Sur\'ey  of  Canada 
for  the  year  1858,  some  White  Traps  are  spoken  of  as  a  kind  of 
trachytic  rock,  and  analyses  given  of  them  by  Mr.  Sterr}-  Hunt,  from 
which  they  seem  to  be  certainly  felstones. 

1 7.  PitchstoM  or  Rttinite  a]>pears  to  be  a  variety  of  felstone,  having 
a  more  vitreous  character,  and  a  resinous  lustre  ;  whence  it  derives  its 
name.  It  is  of  many  colours,  varj-ing  from  black  to  green,  gray,  and 
yellow.     It  might  perhaps  be  called  the  obsidian  of  felstone. 

Some  pitchstones  are  varieties  of  trachyte  rather  than  of  felstone, 
and  occur  about  volcanoes  ;  these  may  perhaps  be  looked  uj)on  as  stony 
obsidians.  In  other  places,  however,  pitchstone  occurs  under  circum- 
stances which  would  cause  it  to  be  looked  upon  as  a  trap  rock  rather 
than  an  actual  lava. 

Durocher  gives  it  the  following  composition. 

Specific  gravity,  maximmn  2.36,  minimum  2.31,  mean  2.34. 


Silica 
Alumina 
Potash 
Soda  . 
Lime  . 
Magnesia 
Oxides   of  iron 

manganese 
Loss  by  ignition 


and  \ 


MinUnum. 

Mean. 

62.0 

70.6 

11.0 

15.0 

0.0 

1.6 

1.5 

2.4 

1.0 

1.2 

0.0 

0.6 

1.0 

2.6 

0.0 

6.0 

1 

100.0 

Clinkstone  is  frequently  spoken  of  as  a  trappean  as  well  as  a  volcanic 
rock,  but  it  is  probable  that  many  of  the  rocks  so  described  would  not 
come  within  the  definition  of  clinkstone  given  before,  and  are  only 
platy,  flaggy,  and  laminated  (perhaps  even  "cleaved")  varieties  of 
felstone.  Other  true  trappean  clinkstones,  however,  are  probably  the 
hydiated  varieties  of  felstone,  just  as  volcanic  clinkstone  is  a  hydrated 
trachyte. 

*  The  literal  meaning  of  the  wonl  "pori)hyry  "  is  pun>l*^,  because  the  earliest  use<l  stone* 
of  Ihiii  (lescription  had  their  prevailing  hue  of  a  deep  red. 
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Greenstone,  or  Hornblendig  Trap. 

(Jreemtom  is  an  old  and  well-known  name  for  a  numerous  and 
important  class  of  trappean  rocks.  It  is  a  translation  of  the  German 
Oriinstein,  and  may  be  taken  as  synonymous  with  the  French  Dioriu, 

20.  Oreeiutont  consists  of  a  mixture  of  feldspar  and  hornblende, 
varying  in  texture  from  a  fine-grained  compact  rock,  in  which  the 
cr^'-stalline  state  of  the  minerals  is  barely  discernible  with  a  lens,  to  a 
I'oan^ely  crystalline  aggregate.  Its  colour  is  generally  a  dull  green, 
varying  from  light  to  dark  green,  sometimes  almost  black.  In  some 
\'arietios,  on  the  other  hand,  where  the  feldspar  is  very  white  and  in 
^reat  quantity,  the  rock  might  be  described  as  white  speckled  with  dark 
green  sjK)t8.  It  weathers  to  a  dull  dark-coloured  brown,  the  weathered 
bl(H.-ks  being  generally  massive  and  well  rounded,  and  covered  with 
patches  of  wlute  lichen.  On  breaking  open  the  weathered  part  of  a 
greens^toue  and  testing  the  rock  with  acid,  we  almost  invariably  find 
that  it  will  effer\'esce  along  the  inner  border  of  the  weathered  portion. 
Many  gnnjnstones,  also,  even  when  apparently  unweathered,  effervesce 
with  acids  along  the  minute  cracks  and  pores  in  the  mass. 

The  fell! spar  of  greenstones  is  commonly  presimied  to  be  albite,  or 
oligi»clase,  but  it  is  generally  difficult  to  determine  its  variety  with 
precision  ;  in  some  of  the  rocks  which  come  under  this  head  augite  or 
1iy}K*i>tthene,  or  some  similar  mineral,  is  substituted  for  hornblende. 
Mica,  of  a  dark  brown  a^lour,  sometimes  occurs  (as  in  some  of  the 
Wicklow  greenstone$()  either  in  distinct  plates,  or  as  coating  the 
surfaces  of  small  crevices  or  those  of  the  other  ciystals. 

M.  Delee^'  says  that  many  rocks  hitherto  classed  as  greenstone  contain 
no  hornblende,  their  green  colour  being  the  result  of  the  greenness  of 
jK>me  of  the  feld8|)ar  composing  them.  These,  then,  would  probably  come 
under  the  head  of  one  of  our  cr\-stalline  felstones. 

Greenstone,  like  felstone,  becomes  sometimes  porphyritic,  in  con- 
stHjueuce  of  one  or  other  of  its  constituents  forming  distinct  crystals  in  a 
<H.inij*act  niixturi'  of  the  rest,  or  larger  disseminated  crystals  in  a  fine 
iiniiuitl  cry^itidline  base.  When  the  greenstone  is  quite  compact  and 
dark  colounnl,  it  is  not,  iH.'rha|>s,  very  easy  to  distinguish  it  from  basalt 
by  ;uiy  external  character*. 

The  preceiUug  description  of  greenstone  is  sufficiently  general  to 
include  a  uuniWr  of  n^ks  which  liave  received  different  particular 
designations  fi\mi  different  Germar.  aiid  Fi ,  n^h  authors^ 

I>uriH*her  includes  aiuong  his  Wsif  ro-,ks  fcur  varieties,  which  may 
Ih-  calKtl  trap  rocks,  as  ilistinguishe^l  fh>m  the  othere,  which  may  be 
*'lAS8t\l  jis  lavas.  Tliese  we  may  include  under  the  general  name  of 
Gnvnsioue.  and  Knik  on  them  as  varieties  of  that  rock. 
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Dwrit^,  a  coarse  or  fine-grained  mixture  of  albite  (or  oligoclase)  and 
hornblende,  and  therefore  a  typical  greenstone.  When  the  hornblende 
greatly  predominates,  it  is  called  by  Naumann  Amphibolite. 

Both  Senft  and  Naumann  say  that  it  often  contains  crystalline 
grains  of  quartz  ;  if  so,  it  is  no  longer  a  basic  rock,  but  becomes,  to  all 
intents  and  purposes,  a  Sf/enite,  and  should  therefore  be  no  longer 
spoken  of  as  either  Diorite  or  OremBtone,  They  say  also  that  in  some 
Diorites  the  albite  is  replaced  by  labradorite,  or  even  by  anorthite. 

The  orbicular  diorite  of  Corsica  (sometimes  called  Corsican  granite) 
is  a  remarkable  variety  of  the  rock. 

Durocher  gives  the  following  as  the  composition  of  Diorite  : — 

Specific  gravity,  maiimum  3.20,  minimum  2.80,  mean  2.66. 


Maximum. 

MiDimum. 

Mean. 

SiHca         .    '     . 

60 

48 

53.2 

Alumina 

20 

13 

16.0 

Potash 

2 

0.5 

1.3 

Soda 

3 

1 

2.2 

Lime 

9 

3 

6.3 

Magnesia    . 

10 

2 

6.0 

Oxides    of    iron    and    ) 
manganese     .         .  j 

20 

10 

14.0 

Loss  by  ignition 

2 

0 

1.0 

100.0      1 

Diorite  often  becomes  porphyiitic,  large  crj-stals  of  liomblende  or  albite, 
or  both,  appearing  in  a  fine-grained  base  of  Diorite. 

Euphotide,  Gabbro,  Serpeiithiite,  Diallag^  Rock,  is  described  as  a 
coaise  or  fine-grained  rock,  generally  of  a  palish  green,  or  gray,  but 
sometimes  olive  or  greenish-brown  colour,  with  sometiinea  a  granitic, 
sometimes  a  porphyritic  look. 

It  is  composed  of  labradorite  and  the  variety  of  liomblende  called 
diallage.  The  labradorite  is  sometimes  of  the  variety  called  Sausserite 
and  the  diallage  of  the  variety  called  smaragdite,  differences  which 
affect  only  the  lustre  or  colour  of  the  rock. 
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Specific  gravity,  maximum  3.10,  mJTiimiim  2.85,  mean  2.95. 


1 

1 
1 

Maximum. 

Minimum. 

Mean. 

Silica 

54 

45 

49.0 

Alumina 

17 

12 

15.0 

Potash 

1 

0 

0.3 

Soda 

4 

0.5 

2.5 

Lime 

14 

6 

9.5 

Magnesia 

15 

7 

9.7 

Oxides   of   iron   and  ) 

14 

8 

11.5 

manganese        .       J 

Loss  by  ignition  . 

1 

6 

1 

2.5 

100.0 

Hyperlte. — This  tenn  is  not  used  by  Naiunann.  Senft  makes  it  a 
family  term,  and  includes  under  it  the  rocks  Eclogite,  Gabbro,  and  Hy- 
jHjrsthenite.  Durocher  makes  it  one  of  his  principal  terms,  and,  1 
conclude,  adopts  it  as  a  synonym  of  Hypersthenite. 

Hyperiie  ar  I/7/])tr8t)unite  is  a  mixture  of  labradorite  and  byj)eT- 
sthene,  sometimes  tine  grained,  sometimes  excessively  coarse,  as  in  St. 
George's  Bay,  Newfoundland,  where  I  have  myself  seen  the  rock  ;  and 
where  it  cxiusists  of  the  two  minerals  in  crystals  as  large  as  the  fist. 
The  hypersthene  is  a  dark  brown,  inclining  to  black,  and  the  labra- 
durite  is  green,  with  glancing  shades  of  blue  and  red.  When  fine 
gi*ained,  the  i-ock  resembles  Diabase  or  Aphanite  of  a  dark  brownLsh 
green,  or  a  pale  green,  according  to  circumstances. 

•  Si>ecific  gravity,  maximum  3.10,  minimmu  2.85,  mean  2.95. 


■ 

Maximum. 

Minimum. 

Mean. 

SilicA 

55 

48 

51.8 

Alumina 

16 

12 

14.5 

Potash 

1 

0 

0.2 

Soda 

3 

1 

2.0 

Lime 

9 

5 

7.6 

-Magnesia 

14 

6 

9.3 

Oxides    of   iron 

and  ) 

manganese 

19 

8 

14.0 

1  Loss  by  ignition 

1 

•                  • 

1 

'  0 

0.6 

1 

100.0 
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Melaphi^e.^S&nft^B  description  of  this  rock  is  the  following  : — An 
iDdistinctly  mixed  rock,  of  dirty  greenish  brown,  or  reddish  gray,  or  green- 
ish black-brown,  passing  to  a  completely  black  colour,  hard  and  tough  in 
the  fresh  state — in  which  appear  crystals  of  reddish  gray  labradorite, 
with  magnetic  titaniferous  iron  ore,  and  commonly  wdth  some  carbonate 
of  lime,  carbonate  of  iron,  and  ferruginous  chlorite  (Delessite)  sometimes 
in  crystalline  grains  ;  sometimes  compact  or  earthy,  sometimes  porphy- 
ritic  or  amygdaloidaL     According  to  Durocher  it  has  : — 

Specific  gravity,  maximum  2.95,  minimum  2.75,  mean  2.85. 


I 


Silica 
Alumina 
Potash 
Soda 
Lime 
Magnesia 

Oxides    of    iron    and  ) 
manganese        .       j 
I   Loss  bv  i<mition  . 


Maximum. 

55 
25 

3 

6 

8 
5 

12 

3 


Minimum. 


Mean. 


49 
18 
0 
2 
4 
3 


52.2 
21.6 
1.5 
4.0 
6.2 
4.0 

9.0 

1.5 


I 


100.0 


This  is  a  term  wliich  may  be  very  usefully  adopted  among  us  for  those 
black  varieties  of  line-grained  rock  that  seem  intermediate  between 
ordinary  ^reen  greenstone  and  black  basalt. 

Besides  the  foregoing  rocks,  there  are  several  others,  some  of  which 
both  Senft  and  Naumann  group  t(^)gether  under  tlie  head  of  Diabase  <»r 
Diabasite. 

Diafiane  is  said  to  be  a  mixture  of  the  feldspars  labmdorite  or 
oligoclase  with  augite  (or  pjTOxene),  and  often  with  clilorite,  and  rarely 
unimpregnated  with  carbonate  of  lime. 

It  seeuLs  to  differ  from  diorite,  therefore,  chiefly  in  havuig  the 
niagnesian  silicate  in  the  form  of  augite  instead  of  hornblende,  and 
l»eing  altogether  a  more  basic  mixture,  as  shewn  by  the  presence  <»t" 
«:hlorite  and  carbonate  of  lime. 

It  may  be  called  augitic  greenstone,  as  diorite  may  be  called  hoin- 
blendic  greenstone. 

It  is  said  sometimes  to  have  a  porpliyritic,  and  sometimes  an  ani\>:- 
<laloidal  texture.     Namnann  confines  the  term  (Greenstone  to  Diabase. 

Ayhifiitc  appeal's  from  Senft's  (lescri])tion  to  be  a  compact  or  exceed- 
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ingly  fine-grained  variety  of  diabase,  geneiallj  of  a  greeniflh-gray, 
greenish-white,  or  blackish-green  colour,  a  litte  angite  or  chlorite  being 
added  to  the  diabase  mass. 

Lherzolite,  according  to  Namnann,  is  a  coarse-grained  compact  aggre- 
gate of  augite  (pyroxene),  of  an  olive  green,  brown,  or  gray  colour,  some- 
times variegated  in  streaks  or  spots  shading  into  each  other. 

Variolite  is,  according  to  Naumann,  a  compact  or  aphanitic  green- 
stone (diabase)  mass,  in  which  are  developed  small  concretions  from  the 
size  of  peas  to  that  of  nuts  of  a  greenish-white  or  gray,  or  a  violet-gray 
colour,  giving  it  a  pock-marked  appearance,  whence  its  name. 

Calcaphanite. — When  these  grains  or  nodules  consist  of  calcspar, 
Naumann  calls  the  rock  by  this  name. 

Kermntite  is  a  name  of  Delesse*s  for  a  micaceous  diorite,  consisting 
of  oligoclase,  blackish  brown  magnesia  mica,  and  a  little  greenish  horn- 
blende. Possibly  the  micaceous  greenstones  found  at  Westaston  in  the 
county  Wicklow  might  be  included  under  this  appellation.  Professor 
Haughton  (in  the  paper  before  quoted),  gives  the  following  analyses  of 
these  greenstones. 

I.  XL 


Silica 

52.08 

57.88 

Alumina    . 

15.60 

15.20 

Peroxide  of  iron 

5.75 

7.50 

Potash 

3.80 

3.03 

Soda 

2.92 

2.67 

Lime 

6.52 

4.81 

Magnesia   . 

8.40 

6.34 

Protoxide  of  iron 

2.57 

1.35 

Loss  by  ignition 

2.24 

1.04 

99.88 


99.82 


I.  is  a  dark  greenish  gray  rock,  with  glancing  surfaces  of  bronze 
mica,  and  alternating  parallel  facets  of  feldspar  of  high  lustre,  no  horn- 
blende being  visible,  the  feldspar  being  the  chief  ingredient,  though  the 
mica  is  most  conspicuous. 

II.  is  a  fine-grained  crystalline  rock,  forming  part  of  the  same  mass 
us  No.  I.,  made  of  white  feldspar  and  mica,  which  \&  sometimes  also 
white,  but  passes  into  a  greenish  amorphous  mineral,  which  is  neither 
hornblende  nor  chlorite,  but  apparently  a  leaden-coloured  greenish 
mica,  in  nearly  equal  quantity  ^ith  the  white  feldspar.  (Trans.  R  I. 
A.,  vol.  xxiii.  p.  619.) 

To  the  rocks  described  above  may  be  added — 
Edogite,  a  coarse  or  fine-grained  mixture  of  green  smaragdite  and 
red  garnet,  and  a  sub-variety  of  the  same,  called 
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Dutheru  rock,  from  its  containing  the  mineral  disthene  or  cyanite, 
which  is  allied  to  the  garnets. 

It  may,  however,  be  very  well  doubted  whether  these  are  in  reality 
igneous  rocks.  They  are  perhaps  more  likely  the  products  of  meta- 
morphism. 

Serpentine  or  Serpentim'te. — We  have  already  seen  that  the  mineral 
serpentine  is  a  hydrated  silicate  of  magnesia.  Serpentine  rock  is  com- 
posed of  that  mineral  alone,  or  of  mixtures  of  it  with  other  minerals, 
such  as  carbonate  of  lime,  alumina,  etc.  It  has  been  described  as  an 
igneous  rock,  and  some  varieties  of  greenstone  may  perhaps  be  undis- 
tinguishable  in  composition  from  serpentine  ;  but  it  may  well  be 
doubted  whether  true  Serpentine  be  any  thing  else  than  a  metamorphic 
rock.     See  Chapter  on  Metamorphic  Rocks,  postea. 

Durocher  speaks  of  Serpentines  as  being  the  "  degradation  of  basic 
rocks,**  and  gives  the  following  as  their  composition  : — 

Specific  gravity,  maximum  2.66,  minimum  2.50,  mean  2.58. 


Maximum. 

Minimum. 

Meau. 

Silica  .... 

45.0 

40.0 

42.5 

Alumina 

3.0 

0.0 

0.8 

Potash 

0.0 

0.0 

0.0 

Soda  .... 

0.0 

0.0 

0.0 

Lime  .... 

3.5 

0.0 

0.8 

Magnesia     . 

44.0 

34.0 

39.5 

Oxides    of    iron    and ) 
manganese        .         j 

8.0 

1.0 

3.4 

Loss  by  ignition  . 

1 

15.0 

9.0 

13.0 

100.0 

It  will  at  once  be  seen  that  this  composition  is  entirely  different 
from  that  of  any  of  the  truly  igneous  rocks. 

"  White  Bock^*  Trap. — Greenstone  in  some  cases  loses  its  dark  colours 
and  becomes  almost  white.  Dykes  of  "  white  rock "  trap  proceeding 
from  the  greenstone  of  the  south  Staffordshire  coal-field  look  sometimes 
like  an  earthy  variety  of  Felstone,  and  might,  unless  carefully  examined, 
be  even  mistaken  for  sandstone,  except  that  they  send  intrusive  veins 
through  the  coal  and  other  rocks,  and  alter  them. 

The  late  Mr.  Henry  determined  the  composition  of  a  specimen  of 
this  **  white  rock  **  trap  as  follows  : — 
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Silica 38.830 

Alumina 13.260 

Lime 3.926 

Mas(n«iia 4.160 

Soda 0.971 

Potash 0.422 

ProtoK.  iron  ....      13.830 

Perox.  iron 4.336 

Carbonic  acid        ....       8.320 

Water H-'HO 

100.073 
The  presence  of  so  lai^  a  quantity  of  carbonic  acid  and  water 
makea  it  appear  very  different  in  composition  from  any  of  the  green- 
stones juflt  mentioned,  but  if  we  reganl  these  two  substancee  as  of  Eub- 
sequent  introiluclion  by  percolation,  and  as  having  entered  into  the  com- 
position of  the  rock  as  metamorphic  agents,  some  of  the  silicates  hating 
been  decomposed  and  converted  into  carbonates,  and  others  of  them 
becoming  hydrat^Ml,  there  will  be  no  difficulty  in  supposing  the  rock  lu 
have  formed  originally  part  of  the  greenstone  maes  from  which  the 
ilykes  proceed.  Disregarding  the  carbonic  acid  and  water,  the  comiici- 
sition  of  the  rock  would  lie — 

Silica 48.8 

Alumina  and  Perox.  iron    .  92.1 

Protoxide  bases         ....     29.0 
99.9 
A  composition  not  materially  differing  from  that  of  basalt  or  the  more 
iNwic  varieties  of  greenstone  to  lie  found  in  the  preceding  pages. 

Basnlt,  like  clinkstone,  mnst  also  be  enumerated  among  the  trap» 
as  well  as  among  the  lavas,  since  it  may  be  very  iliflicull  ti>  say,  with 
resjiect  to  some  masses  of  basalt,  tbat  they  were  ejected  from  what 
might  be  truly  described  as  a  volcano. 

Clayttuae,  or  Wtickf,  Ls  sometimes  spoken  of  as  a  trappean  rock.  It 
is  probably  either  a  compact  basalt  or  greenstone,  in  a  decomposed  ami 
earthy  state,  or  an  nsh  partially  hardened  and  consolidated. 

Mechanically  formed  accohfasticemts  of  the  Traps. 

The  trap  rocks,  both  of  the  felstone  and  of  the  gTM-nstone  class, 
like  the  traohytic  and  doleritic  lavas,  are  accompanied  by  their  re- 
spective "ashes"  or  "  tuffs." 

41.  FfUbpalhie  Aih  is  usually  a  rather  coarse-grdned  flaky  hh*, 
with  Hltlu  uwinlar  grains  enveloped  in  the  flakes     It  is  generally  of  a 
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pale  ^en,  pale  gray,  or  white  colour.  It  has  often  a  soapy  feel  to  the 
touch,  and  might  be  then  called  chlorite-schist  by  many  persons.  Tlie 
iiakefl  may  sometimes  be  easily  detacheil,  and  are  then  found  to  be 
translucent,  and  can  readily  be  ground  down  into  powder.  Other  varie- 
ties are  much  harder  and  more  compact,  and  there  is,  in  fact,  every 
gradation  from  a  soft  ash  into  a  compact  fektone,  imdistinguishable 
from  solid  trap,  the  ash  having  been  consolidated  either  by  pressure  or 
by  heat,  or  by  both  combined. 

When  decomposed,  the  ash  has  often  a  brown  or  yellow  rusty  stain, 
and  it  is  rare  to  find  a  feld3i>athic  ash  that  will  not  elfer\'esce  slightly 
\\-ith  acids,  either  on  its  general  surface  or  in  its  minute  crevices.  Some 
iishes,  even  those  that  have  most  the  appearance  of  solid  trap,  shew  casts 
of  fod.sils,  and  many  contain  angular  fra;j^nent8  of  slate  and  other  rocks, 
clearly  betraying  their  mechanical  origin.  Some  even  contain  crj'stals 
of  feldjipar,  which  make  the  rock  look  like  a  porphyry,  imtil  closely 
examine,  when  the  crj'stals  are  found  to  have  their  angles  woni,  and 
U)  have  been  more  or  less  weathered  and  roimded  before  they  were  in- 
cluded in  the  base. 

Along  \vith  these  also,  there  genenilly  occur  angular  or  roundt-d 
fnigment^  of  felstone,  slate,  or  other  rocks,  of  evur\'  size  up  to  blocks  of 
G  or  8  inches  in  diameter ;  the  rock  then  bccomuig  a  trappean  breccia  or 
o^nglomemte,  \vith  either  a  hard  and  compact,  or  a  loose  and  flaky  bji.se. 

Sand  is  sometimes  mingled  with  this  base  ;  and  there  is  then  a  pas- 
s;i;^'e  fiom  ash,  through  simdy  ash  and  ashy  sandstone,  into  pui*e  sand- 
stone. 

The  niKlular  concretionary  structure,  \vhi«li  I  have  previously  nuMi- 
tiuiunl  its  occasionally  to  be  seen  in  some  felstones,  likewise  ocelli's  in 
fel.'T.t.jne  ash  ver}'  abimdantly,  and  it  is  not  always  easy  to  determine 
ill  these  ncxlular  concretionary  trap  rocks,  whether  the  rock  was  (»rigi- 
nally  a  molten  trap  or  an  ash  that  was  afterwaixls  consolidate*!.  In 
either  ca.se  the  nodular  concretions  arc  of  subse(pient  origin,  like  tlie 
eoncretionar}'  nodules  in  shales  and  clays.  Tlie  (\)iiij)aratively  soft  and 
Hakv  base  in  which  the  iKxlules  are  enclosed  mav  either  be  the  original 
ri.-^h,  or  it  may  be  part  of  the  trap  which  ac«iiiii'ed  that  texture  on  the 
formation  of  the  nodules.  Tliese  nodules  vaiv  from  the  size  of  nuts 
to  that  of  the  fist,  but  are  sometimes  still  larger,  and  the  whole  mass 
•  »f  the  rock  made  up  of  them. 

42.  O/'tenstont:  Ash  is  perhaps  still  more  various  in  composition 
than  tliiit  of  felstone,  fn:»m  which  it  ditiers  in  bein^^  usually  of  a  darker 
C'lloiu*.  It  often  elTervesces  with  acids,  and  even  to  a  greater  t-xlmt 
tli.in  felstone  ash,  as  we  should  expect  from  its  orii^in. 

One  well-marked  vanety  is  a  <(uite  eunipact  rock,  of  a  pale  ^ret-n- 
i«li -blown  hue,  speckled  with  small  black  spot^. 
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Another  is  a  flaky  coarse-grained  ash,  like  that  of  felstpne,  but  of  a 
darker  green  or  olive  colour.  This  sometimes  contains  embedded  crys- 
tals of  hornblende  *  that  have  had  their  edges  rounded  and  worn,  to- 
gether with  angular  or  rounded  fragments  of  other  rocks. 

Another  variety  of  greenstone  ash  is  a  dark  hornblende  slate,  pass- 
ing into  hornblende  schist ;  and  it  is  very  possible  that  many  horn- 
blende schists,  actinolite  scMsts,  etc,  are  metamorphosed  ash-beds. 

It  is  obvious  that  rocks  thus  made  chiefly  or  entirely  of  igneous 
materials  would  more  easily  be  metamorphosed  than  purely  siliceous  or 
argillaceous  rocks,  and  would  then  be  converted  into  rocks  having  all 
the  appearance  of  trap.  If  they  contained  crystals  of  feldspar  or  horn- 
blende, such  altered  rocks  could  not  be  separated  from  porphyries. 

I  would  venture  also  to  suppose,  that  the  rocks  spoken  of  by  the 
Qermans  as  Greenstone  slate,  or  as  slaty  Diorite,  slaty  Diabase,  etc.,  are 
in  reality  the  ashes  of  those  rocks,  and  believe  tiiat  much  of  that  which 
is  called  Wacke  is  of  similar  origin. 

Many  examples  are  to  be  found  in  the  south  of  Ireland,  in  the 
parts  examined  by  the  Geological  Survey,  especially  in  the  countj- 
Limerick,  of  thes«  tuffs  or  ashes  derived  from  greenstone,  or  from  some 
basic  trap  rocks.  They  vary  from  the  finest  grained,  almost  porceUanic 
looking  rock  of  a  pale  green  or  dull  purple  colour,  through  every  grada- 
tion of  texture,  up  to  angular  and  rounded  breccias,  and  conglomerates. 
The  fragments  and  pebbles  in  these  trappean  breccias  are  either  por- 
tions of  trap,  or  fragments  of  limestone,  sometimes  of  some  inches  in 
diameter,  and  they  form  great  beds,  several  hundred  feet  thick,  inter- 
stratified  with  beds  of  Carboniferous  limestone,  and  surrounding  bosses 
of  trap,  from  which  thick  widely-spread  flows  or  sheets  proceed,  running 
for  manv  miles. 

Some  of  these  trappean  ashes  with  pebbles  of  Carboniferous  lime- 
stone, forcibly  reminded  me  of  the  volcanic  ashes  in  the  islands  of 
Erroob  and  Maer  (or  Damley  and  Murray  Islands),  in  Torres  Straits,  in 
which  pebbles  of  coral  limestone  were  included  together  with  pebbles 
of  the  lava  flows  of  which  the  islands  were  partly  composed. 

Some  of  the  greenstone  ashes  and  breccias  in  the  Carboniferous 
rocks  of  Limerick,  as  also  in  the  older  Silurian  rocks  of  the  county 
Wicklow,  conUiin  fragments  of  vesicular  greenstone  such  as  is  not 
known  in  situ  anywhere  in  the  neighbourhood.  It  is  probable  that 
these  scoriaceous  fragments  are  derived  from  the  upper  surface  of  the 
old  trap  stream  when  first  poured  out,  that  upper  surface  having  been 
destroyed  and  swept  away  Wfore  the  lower  i>art  of  the  trap  was  covered 

•  Near  Black  Ball  Head,  county  Cork,  is  a  cliff  of  such  a  greenstone  ash,  in  which  cr>*s- 
Uls  of  hornblende,  three  inches  wide,  have  been  seen.  They  are  dull  and  wi>m  externally, 
hut  internally  quite  bri^t  and  glistening. 
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by  tt>A  depodt  tf  die  ■qiuoiu  rack  wUcli  now  conn  it  Then  Mam- 
flaau  pebUM  an  iatsiwlii^  tbenfbra,  u  Qie  011I7  laliea  of  k  fomiar 
tobbbIv  iad  fthaiMt  pnmieMHic  eoretitig,  whidi  wonU  mrimilitn  the 
oil  ta^^MD  flaws  with  flmse  of  neent  TolcaaoM.  ^ee  {t^ora  oa  Ign»- 
ooB  Bocfta  rf  A^hnr  HmcL — Jonnud  Oed.  Soe.  Dob^  tdL  viii,  pw  S3.} 

^Hm  ta^pMB  aih  of  oonn^  TjihtjA  anflwen  preeinlj  to  tiie  imik 
kaown  in  Qtaatuj  m  EUiMlitau  or  Bpilitoi,  mnd  haa  been  deMzibed 
nadei  dio  lattor  tain  I7  Hr.  Ainnrorth  in  the  fint  TOlimu  of  the 
Jonml  of  GaoL  Boa.  Dnldin. 

Tba  beda  taaatmfy  known  aa  "  led  odm,"  which  lia  between  the 
giMt  baaaltiD  baada  <i  aonn^  A^ttiTW,  an  nn^neationabljr  "  basaltic 
aah,"  a  bet  <rf  whieh  I  eonnaead  m^aelf  In  a  recent  examination  of 
OiKL  Tbtf  ceodrt  d  pinkiih  and  yellawiih  fefrn^nona  tn^pean 
pnwdair,  cnGlodng  angnlaf  fiigmenta  of  minntelr  veaiciihir  ttap,  and 
9  plaeea  ecoieretiDna  of  led  pwditk  hnmatite.  In 
I  tiu7  pan  into  a  brown  eooipaet  earthy  olqr,  the 
1  wtiteia,  and  ptohaUf  tlie  "d^atone"  of 
JaMeum,  bnt  they  an  all  the  contemponineoaa  accompanimanta  of 
die  emptions  from  which  the  bowltic  flows  proceeded,  and  the  more 
minntely  veeicalar  (almost  pumiceons)  fragmente  they  contain  are  the 
more  frothy  parts  of  tiioee  flows,  either  blown  from  the  orifices  and 
fidling  into  tlie  eea,  or  swept  bom  their  surface  immediately  on  their 
flnt  cooling 

In  the  preceding  deacnptions  of  the  Tolcanic  and  trappean  rocks 
it  haa  been  my  object  to  ^re  such  an  accoont  of  them  as  may  enable 
tbe  atndent  to  identify  the  more  marked  varieties.  It  will  ordinarily 
be  aoffident  for  him  to  determine  in  the  field  whether  a  lava  be  a 
tncbyte  ot  siliceoni  lava  on  the  one  hand,  or  a  dolerite  or  basic  lava 
on  the  other ;  and  simihuly  among  the  traps,  whether  it  be  a  siliceous 
tnp  or  felstone,  or  a  basic  trap  or  greensUme.  The  varieties  of  each 
elaai  may  very  safely  be  left  undistinguished  until  the  specimens  come 
to  be  ananged  in  the  cabinet  of  classified  rocks,  after  they  have 
fascn  submitted  to  chemical  analysis,  or  other  more  exact  methods  of 
examination  than  can  be  punned  in  the  field. 

nL— Tli«  Oranitio  Booki. 

It  haa  been  once  or  twice  pointed  out  in  the  preceding  pages  that 
the  Tolcanic  and  trappean  rocks  arc  readily  divisible  into  two  series, 
aconding  to  the  relative  proportions  of  the  acid  (silictt),  and  the  earthy 
ind  alkaline  bases  which  enter  into  their  composition. 

The  sUiceous  lavas  or  trachytes  consist  of  the  moat  highly  cilicalcd 
feld^Mn,  and  some  of  their  ^-arieties  arc  said  even  to  exhibit  ijuartz  in 
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consti|iicnce  <i[  hating  more  silica  than  coulil  be  absorbed  by  tL«Lr 
IwHio  w)ii«tiluenta.  In  the  siliceoiM  trape  or  felstonee  thie  is  always  tU« 
wist-,  and  Uiu  rock  consieta  of  a  mixture  of  uncombined  dlica  or  quartz 
uiiil  i)f  tlie  moRt  highly  sUicated  feldspan.  It  would  obviously  be  most 
imlikiily  that  the  more  biunc  feldspars  (biailicatee),  such  as  labiadorite, 
Hhould  have  been  produced  in  such  rocks,  since  the  proportionate 
ijuiuitity  of  Kilica  present  waa  not  only  enough  but  more  than  enough 
t<j  Iiuve  miidd  them  into  trisilicateB. 

In  the  fehitiines  proper,  however,  the  quartz  although  existent 
nih'ly  l)econit's  visible,  or,  if  it  does,  only  appaara  as  detached  globular 
imrliclcB  widely  scattered  in  the  mass.  In  the  felstone  and  trathytic 
|Hir|ihyii<>><  indeiil,  qiuirtz  i»  said  sometimes  to  occur  in  perfect  crj-stals 
of  lii.ulih!  jiyraniiila  {Baron  Ricktofeii  Procttd.  Imp.  Ofol  Imt.  Vumim, 
Mank  IB,  luatt,  ai  aburactfd  U  Otot.  Journal,  vol.  16),  bnt  this  must 
Ik-  liHikcil  on  as  un  exception  to  the  general  rule. 

In  «H  Ihi'  granitic  rocks,  on  the  other  hand,  qnartz  is  not  oidy 
linwnl  bul  viHJltle,  the  existence  of  crystalline  particles  of  quartz,  inter- 
tMnKli'd  with  the  erj-Htalline  particles  of  the  other  minerals,  being  their 
iiiiwl  i>Mculiitl  rhiuiKter.  It  is,  however,  remarkable  that  quartz  never 
fiiniw  in  iminite  iwrfect  instals,  whereas  the  feldspathic  ingredienta 
fii-ilUi'nlly  lUi  «i,  and  the  luiinceous  not  unfrequently.  The  feldspars 
orlhocliiM',  nll>iti-,  or  oligocla-ie,  were  then  solidified  previoudy  to  the 
qtliirt^,  an  iinonialy  to  be  explained  perhaps  by  the  fact  of  a  difference 
k'lwi'i'ii  thepiiint  iif  fusiou  au<l  the  point  of  solidification  in  the  minerals, 
iiiid  by  ilu-  ]in>lrnrti-d  viseiwily  of  the  quarti.  This  may  be  owing  to 
tin'  sb'w  n-frJKi'miiiiu  i>f  the  moM,  »Uowiiig  the  highly  siliceous  minerals 
ii'  I'lj  -l<k)li/i>  in  a  iiuigiiia  of  »ilii-a,  while  the  niot«  rapid  cooling  of  the 
imi]ih\  riiw  iiiid  trni-hyte«  priMlueinl  a  mise*l  fulds)iathiu  paste  only,  in 
nlii.'li  ^.niK'  in»tid«  i.f  niuirtz  were  geueroted  ((*.) 

I'lMfis,,.!'  H<.ii^:ht..ii  lijis  well  siK.keu  of  fehstone  as  the  "glass  of 

Ui.imi..  ib.-ii  ninv  U'  hx.kiil  n[\ni  ad  the  original  rock  from  which 
lliv  \nti\'\}  M<U\>aiUk  or  highly  sjlittitt-d  tmii*  and  lavas  have  proceeded 
•  liivilU.  til,.  .liiWou,-,.^  Ixiw.vn  them  Wing  due  rather  to  the  circuni- 

1.111. 1.  mul,.|  nl.i.h  they  havt- Uvn  i-.i.ih.tl  and  i^nsolidated,  than  to  any 
<  .omi.il  .li-iiiiiiiou  ill  Iheir  iiigniUenli>.  It  is  a  difference  of  texture, 
II"  "I  M'm|>,~.iii,.n,  t:niiii(<-,  hiiwi'Vi'T.  may  Mpially  be  looked  upon  ok 
I  11.  .iii.;iii,il  m,t,,  ,.f  ii„.  ,„..„.  1.^,,  ,„,j^  „„j1  j^^^ij^  jj  ^^.^,  conceive  that 

>'  .III  .'iijiiii,!!  m,.lt.-«  maw  of  granitf  a  nuantitv  of  the  more  fusible 
Ui..'.  »..iv.i,  =„,m.' w«j  «,KW. 

m.'  v'vim  i»  iiHiuni  „vl.»  whii-h  arc  ap)<tm>nllv  the  intermediate 
i?,l' .  .'  '""*»•■''"  '»;'>»  KW«>iv-  into  i«o  kiiul,  of  trap  njcks.  AVhen  a 
\\U^^^w  lsss..«™  d,^u,Mlj  vrvM«Uiu,.  s»«.«l»r.  «■  as  1«  insist  of  nn 
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aggregate  of  crystalline  particles  of  feldspar  and  <iuartz,  it  only  requires 
the  addition  of  some  micaceous  mineral  to  become  a  tnie  granite. 

When,  on  the  other  hand,  a  greenstone  is  coarsely  crystalline,  so  as 
to  form  an  aggregate  of  crystalline  particles  of  feldspar  and  hornblende, 
it  only  requires  the  appearance  of  crj'stalline  granules  of  quartz  to  be- 
come a  true  syenite,  which  is  but  a  niodilication  of  granite. 

43.  Granite, — ^True  Granite,  in  its  ordinary  fonu,  is  one  of  the  most 
easily  described  and  certainly  recognized  of  all  rocks.  It  is  a  fine  or 
coarse-grained  crystalline  aggregate  of  the  three  minends  feldsimr,  mica, 
and  quartz.  Its  name  is  sometimes  said  to  be  derived  from  its  granular 
stracturBy  but  Jameson  derives  it  from  *^ f/eranites"  a  term  use<l  by 
Pliny  to  designate  a  particular  kind  of  stone. 

Ordinary  granite  varies  according  to  the  composition  of  the  feldspar 
and  mica  composing  it,  according  to  the  relative  proportions  of  those 
minerals  to  each  other  and  to  the  quartz,  and  according  to  the  size  of 
the  crystals,  and  the  state  of  aggregation  of  the  seveml  constituents. 

The  feldspar  of  granite  may  be  either  orthoclase  or  potiish  feldspar, 
frecjuently  flesh-coloured,  but  sometimes  white ;  albite  or  soda  feldspar, 
generally  dead  white ;  an  intermixture  of  those  two  muierals ;  or  lasth'. 
the  feldspar  called  oligoclase. 

The  kind  of  feldspar  seems  sometimes  to  be  peculiar  to  the  locality, 
the  granite  of  the  south-east  of  Ireland  containing  orthoclase  only, 
some  of  that  of  the  Moume  Mountains  albite  as  well  as  orthoclase, 
while  the  Scandinavian  granites  have  mostly  oligoclase. 

The  mica  of  granite  varies  greatly  in  colour  and  lustre,  being  some- 
times dark,  copperj'-brown,  sometimes  black,  sometimes  green,  sometimes 
gohlen  yellow,  and  sometimes  a  i)ure  silvery  white. 

The  quartz  is  conmionly  colourless  or  white,  but  sometimes  dark 
gray  or  brown. 

The  proportions  of  the  three  constituents  vary  indefinitely,  with  this 
limitation,  that  the  feldspar  is  always  an  essential  ingredient,  and  never 
forms  less  than  a  third,  rarely  less  than  half  of  the  mass,  and  generally 
a  still  larger  proportion.  Sometimes  the  mica,  sometimes  the  quartz, 
becomes  so  minute  as  to  be  barely  perceptible. 

The  state  of  aggregation  of  the  mass  varies  also  greatly,  some  granites 
being  very  close  and  fine  grained,  others  largely  and  coarsely  crystalline. 
The  colours  of  the  rock  are  geneiidly  either  red,  gray,  or  white  ;  the 
first  when  the  feldspar  is  flesh-coloureil,  the  latter  when  it  is  pure  wliite, 
the  intermediate  gray  tints  de|)ending  chiefly  on  the  abundance  and 
colour  of  the  mica,  but  sometimes  on  that  of  the  quartz. 

Large  and  distinct  crystal  of  feldspar  sometimes  occur,  disseminated 
at  intervals  through  the  mass,  giving  the  rock  a  poq)hjTitic  texture. 
It  is  then  called  Pori)hyritic  Granite. 
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that  is  to  say,  rather  more  than  a  half  feldspar,  rather  more  than  a 
quarter  quartz,  and  the  rest  two  kinds  of  micxi. 

Having  established  the  constitution  of  this  great  mass  of  granite, 
and  shewn  its  constancy  throughout  its  extent,  he  then  proceeds  to 
examine  the  composition  of  a  number  of  granitic  bosses  that  protrude 
through  the  slate  rocks  between  the  main  chain  and  the  sea.  These 
were  found  not  only  to  differ  in  composition  from  the  main  chain 
granite,  but  to  differ  also  among  themselves,  so  that  no  two  of  them 
were  exactly  alike.  Among  nine  specimens  analysed  from  as  many 
different  localities,  the  per  centage  of  silica  varied  from  66.6  to  80.24, 
that  of  alumina  from  11.24  to  18,  while  in  the  majority  of  them  the 
per  centages  of  soda  and  lime  were  greater,  and  sometimes  considerably 
greater,  than  those  of  potash.  It  is  believed  that  these  irregular  differ- 
ences resulted  from  the  differences  in  the  composition  of  the  particular 
aqueous  rocks  with  which  the  granitic  masses  came  in  contact.  A  por- 
tion of  these  rocks  is  supposed  to  have  been  absorbed  and  melted  down 
into  the  granite. 

In  one  of  these  detached  bosses — that  of  the  hill  known  as  Croa- 
chan  Kinshela — ^a  specimen  taken  from  the  head  of  a  valley  as  deep 
into  the  granitic  mass  as  we  could  reach,  shewed  a  composition  re- 
.sembling  tliat  of  the  main  chain,  while  another  specimen  from  the 
.summit  of  the  hill  nearer  the  original  slaty  envelope  of  the  granitic 
mass,  deviated  greatly  from  it  in  composition  (Trans.  R.  I.  A.,  vol.  xxiii., 
p.  608,  etc.),  and  contained  chlorite  instead  of  mica. 

According  to  Durocher  the  following  is  the  mean  compf^sition  of 
granite  : — 

Specific  Gravity,  maximum  2.73,  minimum  2.60,  mean  2.66. 
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Compnnng  Professor  Hanghton's  mean  of  the  Leineter  granite  villi 
this  more  generni  average,  we  learn  that  the  granite  of  the  south-eaiit 
of  Ireland  cuntains  a  nither  larger  proportion  of  Beaqnioiide  of  iron 
replacing  aliuuina,  and  of  soda  and  liiae  replacing  potasli,  than  granitei^ 
usually  contain  ;  the  mean  quantity  of  iron  in  the  Irish  granite  bciii^ 
nearly  as  great  as  Durocher's  maximum,  and  the  mean  quantities  ut 
8oda  and  linic  being  even  greater  than  hin  maxima. 

Tliie  is  probably  the  reason  why  the  main  granite  of  the  south-eaj<t 
of  Ireland  is  eo  much  less  durable  as  a  building  stone  than  granite  genu- 
rollyis. 

44.  Syfiiile,  in  its  true  form,  is  a  gnuiitic  rocL  It  ia  named  from 
the  city  of  Syene,  in  Egypt,  where  it  is  formed  of  a  crystalline  aggregate 
i>f  the  four  minerals  feldspar,  hornblende,  mica,  and  quartz  ;  the  mica 
bein;^  in  small  and  uncertain  quantity.  We  have  already,  however, 
liad  occasiim  to  remark,  that  syenite  may  be  formed  from  either  felstune 
or  greenstone,  and  we  may  look  u])on  it  therefore  either  as  a  local 
variety  of  gruuite,  or  as  a  jtassage  or  transition  rock  between  granite 
and  the  traps. 

True  syenite,  therefore,  differs  from  granite  solely  in  the  fact  of  its 
containing  hornblende  iniitead  of  mica,  and  may  be  described  a»  a 
crystalline  granular  aggregate  of  feldspar,  hornblende,  and  quartz ;  the 
fehlspar  being  generally  reil,  and  the  rock  mottled  red  and  dark  green, 
fDin  the  occurrence  of  hornblende.  Some  syenitec,  however,  may  have 
white  feldspar. 

Naumann,*  Scnft,  Cotla,  and  other  continental  geologists,  give  a 
rollier  different  definition  of  syenite.  They  say  it  coasiats  essentially  of 
a  niixture  of  orthoclose  and  hornblende,  to  which  oligoclase,  qoartz,  and 
mica  are  occasionally  added.  According  to  this  definition,  syenite 
w<inld  differ  from  diorite  solely  in  the  difference  in  the  feldspathiu 
ingredient,  diorite  being  a  mixture  of  albitc  (or  oligodase)  aud  horn- 
blende, to  which  quartz  and  mica  may  also  be  added.  This  difference 
would  Iiardly  ap[>car  sufficient  to  constitute  a  valid  distinction,  and 
there  is,  moreover,  this  objection  Ui  it,  that  it  is  utterly  unpractical. 
No  distinctions  between  rocks  are  worthy  of  much  notice  that  cannot 
be  applied  in  the  field,  and  it  would  lie  often  quite  impossible  for  any 
one  t<i  detennine  whctlier  the  feldspathic  ingredient  of  a  fine-grained 
rock  were  orthoclane  or  albite,  by  examination  with  the  knife  and  the 
lena  only. 

It  seems  belter,  therefore,  on  all  accounts  to  fall  back  on  the  old 
definition  of  syenite,  which  makett  it  a  homblendic  gmnite  instead  of  a 

•  NiumAiin,  however,  ini'ludes  njentU  In  hLi  "  Finilli*  ilei  aroniteo,"  anil  bi^  iu  lii" 
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micaceous  one,  the  presence  of  crystalline  particles  of  quartz  being  an 
e:i«8cntial  characteristic 

This  rock  is  probably  the  one  called  by  Durocher  syenitic  granite, 
of  which  he  gives  the  following  analysia. 

Specific  gravity,  maximum  2.75,  minimum  2.63,  meim  2.68. 
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It  is,  however,  quite  possible  that  some  rocks,  the  main  mass  of 
which  is  a  greenstone,  may  in  some  places  begin  to  shew  quartz,  and 
thus  pass  into  a  syenite  ;  the  tenn  Syenitic  Greenstone,  therefore,  nuiy 
often  be  a  proper  one. 

The  Zircon  Svenite  of  Norwav  and  Sweden  is  a  remarkable  variety 
of  the  rock. 

46.  Eurite  is  a  tenn  apjilied  by  Delesse  and  some  others  to  a  tine- 
grained  crystalline  aggregate  of  (juartz  and  feldspar,  wliere  the  mica  is 
either  absent  or  occurs  in  such  minute  flakes  as  to  l>e  invi.sible. 

It  generally  occurs  as  veins  or  as  local  masses  in  other  gnmites,  and 
rarely,  I  believe,  as  veins  tniversing  other  i*ocks  at  a  distance  from 
granite.  Tliese,  thert»fore,  are  probably  veins  of  segregation  nr  of 
injection  during  consolidation,  juid  not  of  long  subsecpient  formation. 

Naumann  and  Senft,  however,  use  the  tenn  partly  for  a  granular 
felstone,  and  jMirtly  for  a  schistose  variety  of  gneiss. 

Protogine, — This  name  has  been  applied  to  a  rock  said  to  be  a 
granite,  in  which  Udc  took  the  place  of  mica.  It  was  so  cidled  because 
it  was  supi>osed  to  be  the  ^r9t  formed  granite.  The  specimens  of  it 
which  I  have  seen,  appeared  to  me  to  l>e  metamorphic  rocks  and  no 
true  granite,  and  the  descriptions  given  by  Naumann  and  Senft  conflnii 
this  opinion. 

Professor    Haughton    informs   me,  that   in   all   the  specimens  ol" 
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protogine  from  the  Alps  which  he  has  examined,  the  dark  green  mineral 
was  not  talc,  but  dull  mica  or  chlorite,  or  some  kindred  mineraL  I 
can  equally  affirm,  that  all  the  rocks  t^iat  I  saw  in  a  traverse  across  the 
Alps  in  1860,  which  could  be  classed  under  the  head  of  protogine, 
were  not  granites,  but  only  beds  of  granitoid  rock  interstratified  with 
other  highly  metamorphosed  beds. 

Some  granite  seems  to  contain  chlorite  instead  of  mica,  but  as  far 
as  my  own  experience  goes,  it  is  only  found  on  the  upper  or  outer 
margin  of  the  smaller  masses  or  intrusive  bosses  of  granite. 

The  same  observation  may  be  applied  to  the  very  schorlaceous 
granite  of  Devon  and  Cornwall,  though  schorl  undoubtedly  occurs  in 
small  detached  quantities  deep  in  some  granites. 

47.  Minette  is  a  name  for  a  fine-grained  rock,  consisting  principally 
of  mica,  but  not  having  a  schistose  texture  like  mica  schist. 

48.  Pegnuitite  is  a  crystalline  aggregate  of  quartz  and  feldspar,  in 
which  the  crystals  are  arranged  as  if  with  a  design  to  produce  a  certain 
pattern,  more  or  less  resembling  letters  or  characters  (from  the  Greek 
word  "  pegma,"  a  coagulation).     It  is  sometimes  called  Graphic  granite. 

49.  Granulite  is  a  similar  composition,  in  which  the  quartz  occurs 
in  thin  flakes,  so  as  to  give  a  schistose  texture  to  the  mass,  and  is  pro- 
bably rather  a  variety  of  gneiss  than  of  granite. 

50.  Elvan  or  Mvanite. — ^Elvan  is  a  Cornish  term  for  a  crystalline 
granular  mixture  of  quartz  and  feldspar,  forming  veins  that  are  either 
seen  to  proceed  from  granite  or  occur  in  its  neighbourhood,  and  may 
thus  be  readily  supposed  to  proceed  from  it 

It  has  three  varieties  : — 

(a,)  An  equably  crystalline  mixture  of  quartz  and  feldspar,  generally 
tine  grained.  This  may  either  be  considered  as  a  granite  destitute  of 
mica,  or  as  a  granular  felstone. 

(b.)  A  compact  felstone  base  with  dispersed  crystals,  or  crystalline 
particles  of  quartz,  sometimes  angular,  sometimes  rounded,  and  amyg- 
daloidal.     This  may  be  considered  as  a  quartziferous  felstone  porphyry. 

(<?.)  A  crystalline  granular  base  of  quartz  and  feldspar,  with  dis- 
persed crystals  of  either  quartz  or  feldspar. 

The  feldspathic  portion  of  these  rocks  is  often  earthy,  probably 
from  decomposition.  ^    *^ 

IP^  ^Z^^  ^"^^t  ^^^^ite  as  a  good  euphonious  term,  and  as  being 
c^binS^n  "^T  '^^  '^'  ^™  ^^  Quartziferous  Porph^,  for  those 
or^eS        '^'''''''  "^^  ^'^^^^  ""^'^  ^^""  ^  tex^r;  fo>m  Eurite, 

BiiniS^fai^^  Y'''  ^'  "^"'^  ^^^^  ^y  Naumann  for  rocks  of 
^^asKUt  IS  a  coarse-grained  mixture  of  white  orthocUse,  gmyish 
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or  yellowiBh  white  el»olite  (or  nepheline,  allied  to  scapolite)  and  black 
mica,  the  elseolite  sometimes  giving  place  to  hornblende,  and  albite  and 
quartz  appealing  in  the  rock.  It  belongs  rather  to  the  traps  than  the 
granites. 

Oiieiss  distinguished  from  Oranite. — In  almost  all  books  treating  of 
rocks,  and  especially  in  all  the  continental  works,  it  is  usual  to  find  gnei^js 
mentioned  in  the  same  group  with  granite.  I  do  not  presume  to  deny 
the  existence  of  gneissose  granite,  since  I  cannot  say  tliat  the  minerals 
forming  granite  may  not  in  some  cases  arrange  themselves  with  a  ecatain 
d^;ree  of  parallelism,  and  thus  produce  an  appearance  of  lanmiatiun  and 
a  schistose  structure  in  the  mass.  The  only  instance  I  have  myself  met 
with  of  such  an  occurrence,  is  at  the  side  of  a  granite  vein  at  Dalkey, 
near  Dublin,  where,  however,  it  is  only  apparent  for  a  few  yards  in 
length,  and  two  or  three  feet  in  width.  It  is  caused  there  by  ihv 
parallel  arrangement  of  the  mica  plates,  and  only  becomes  obviinis 
when  seen  in  situ,  and  it  can  be  contrasted  with  the  other  part  of  the 
vein  in  which  the  plates  are  variously  disposed.  In  detached  blocks 
even  of  a  foot  in  diameter,  nobody  would  observe  the  arrangement,  nor 
would  any  one  think  of  calling  the  rock  gneiss. 

I  have  examined  gneiss  and  granite  together  in  different  parts  of 
the  British  Islands,  in  Central  France,  in  AiLstralia,  and  over  lar^e  bare 
tracts  of  it  excellently  exposed  in  Newfoundland,  and  never  found  any 
difficulty  in  instantly  perceiving  the  distinction  between  gneiss  and 
granite,  even  where  the  gneiss  was  most  granitic  in  composition,  and 
where  its  beils  were  penetrated  in  all  directions  by  veins  of  granite. 

In  the  masses  of  granitoid  rocks  in  the  Alps  the  minerals  are  so 
C4>nfu»e<lly  crystallized,  that  hand  specimens  or  even  blocks,  or  in  some 
instances  large  cliff  surfaces  might  be  considered  as  fairly  entitled  to 
the  name  of  granite.  When  examined  on  a  still  larger  scale,  howt*.vt*r, 
the  "  behaviour  "  of  the  rock,  or  it^  relation  to  the  surrounding  masses, 
shews  it  not  to  be  an  intrusive  igneous  rock,  but  a  bedded  or  stnititied 
f»ne,  so  highly  altered  as  to  have  assumed  a  granitic  texture  in  situ,  and 
thus  to  be  in  fact  lithologically  a  granite,  white  petrologically  it  is  (»nly 
an  extreme  form  of  gneiss. 

Absence  of  Ashes, — As  the  granite  rocks  are  all  hypogenous  (»r 
nether-formed,  that  is,  have  all  been  consolidated  before  reaching  the 
surface  of  the  earth,  they  are  necessarily  devoid  of  "  ash,"  or  of  any 
mechanically  derived  accompaniments  whatever. 

Proportion  of  Silica. — It  has  been  remarked  above,  that  the  rolativt- 
f^uantity  of  silica  had  a  marked  effect  upon  tin*  nature  of  the  rock  ;  tliat 
among  the  lavas  quartz  only  ax)peared  in  tliese  trachyte  por])liyri«'S 
which  were  beginning  to  resemble  granite  ;  and  that  anion^  tlu»  tra]is 
it  only  appeared  among  those  fi.*ldspar  porphyries,  which  were  closely 
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allied  t«,  and  passing  into,  granite,  while  from  the  true  granites  it  iK 
never  absent.  It  has  been  attempted  from  this  to  prove  that  the  mure 
siliceous  an  igneous  rock  was,  the  more  ancient  it  must  be.  Even 
Abich  says  th.it  we  may,  perhitps,  thus  deduce  a  scale  for  the  history  of 
the  formation  of  the  earth — those  rocks  which  contain,  as  essential 
constituents,  "  trisilicates  "  *  of  both  their  protoxide  and  peroxide  bascx 
leiug  "  primitive,"  while  those  which  contain  quartz  are  called  "  primi- 
tive plntonic,"  aud  those  without  quarts,  "  primitive  volcanic" 

M.  Riviere  also  sujipoaes  orthoclase  to  be  confined  to  the  older, 
labradorite  to  tlie  mure  recent  Tocks.  The  other  ba.ses,  too,  as  magnesia 
and  lime,  have  been  supposed  to  characterize  newer  rocks  than  those  (>f 
M)da  and  jjolash,  and  soda  iUelf  to  be  newer  than  potash. 

I  would  venture  to  suggest  that  these  minewJi^cid  differences 
depend  u];>on  spice  or  locality  rather  than  upon  time ;  that  the  propor- 
tionate quantity  of  silica  is  referable  to  the  depth  at  which  an  igneous 
rock  hat(  been  cooled  or  consolidated,  or  to  the  nature  of  those  it  pene- 
trated, rather  than  to  the  time  at  which  it  was  foimed.  At  great  dejillis 
in  the  eaith,  piire  silicaitself  may  possibly  be  fused  t  by  the  intense  heat 
there  to  be  met  with,  aud  the  most  refractory  silicates  may  be  e<[ual1y 
niolten  at  a  somewhat  less  depth,  and  consolidate  or  ctystallize  on 
becoming  coolcv  a  little  higher,  while  those  portions  of  molten  mattiT 
containing  a  greater  quantity  or  variety  of  bases  which  act  as  more 
jierfect  fluxes,  may  be  kept  flnid  till  they  teach  the  surface,  and  thus 
conKuliihitc  only  in  the  air  or  in  the  water. 

Whether  the  more  siliceous  and  the  more  basic  rocks  once  formed 
jiart  of  a  deep-seated  homogeneous  nmlten  mass,  and  were  merely 
sepnratcil  from  each  other  in  their  upward  (lassage  towarils  the  surface, 
K»  that  the  more  siliceous  were  first  arrested  and  consolidated  while  the 
more  ImisIc  pii>ceeded ;  or  whether,  tlie  whole  mass  beiaig  originally 
highly  siliceoUH,a  lai'ger  and  larger  projiortion  of  tlie  bases  was  aciiuired 
during  the  jiassage  of  the  molten  rock  through  the  higher  part  of  the 
earth's  crust,  and  thus  the  quantity  of  "  llux  "  increoseil  in  proportion 
OS  the  heat  and  pressure  diminished,  may  be  matter  for  speculation. 
We  will  not  now  stop  to  consider  it  farther,  than  to  warn  the  student 
not  to  take  it  for  grunted  that  the  mineralogical  and  lithologicol  com- 
position or  structuie  of  any  rock  whatever  has  any  necessary  aud  deter- 
minate relation  to  its  geological  nge.  Qronite  might  become  solid  at  a 
tempcraturi'  that  would  keep  felstonc  and  trachyte  still  fluid ;  and  these 
might  solidify  at  temj>eraturea  wliich  would  keep  molten  all  greenstones, 

*  Tyt  ii  ncFoidlnB  to  the  onliniidlr  UKd  chBiqical  Qoinsnclature.    See  tott,  p.  iO. 

t  It  It  Uited  hy  Bir  J.  Benchel  (OutllnM  of  Astronomy,  fltli  Ed.,  Cluip,  XL,  AH.  SWJ 
I  hat  PiiT'kQr'B  gttiA  loim  ronc«nlnl«l  tbe  mi'i  hnt  to  ■  lufllclimt  eitimt  to  tuelt  cunellui, 
^Sat<,  Bud  rock  CTf  BtaL 


GRANITE.  93 

lio^alts,  and  dolerites,  so  that  fn>ni  the  ven'  same  stream  of  igneous 
matter  proceeding  from  the  interior  to  the  surface  of  the  earth,  the 
more  readily  fusible  portions  might  be  successively  squeezed  out,  as  it 
were,  as  the  infusible  ones  solidified  and  contracted  in  conseijuence  (^f 
that  solidification.*  This  action  might  take  place  in  spite  of  the  greater 
specific  gravity  of  the  more  fusible  minerals,  since  the  difference  in  the 
specific  gravities  would  probably  be  small  compared  with  the  jwwer 
of  the  eruptive  force. 

Traps  and  Granites  the  Roots  of  Volcanoes, — It  is  true,  indeed,  that 
actoal  subaerial  volcanoes,  with  cones,  and  craters,  and  coulees,  or 
streams  of  lava,  are  only  known  as  recent  geological  phenomena — tis 
either  now  active  or  as  having  been  so  during  a  recent  geological  i»eri(Kl. 
But  we  shall  see  hereafter  reason  to  believe  tlmt  the  pl•eser^'ation  of  any 
vulcanic  cones  belonging  to  the  more  ancient  perioils  was  not  to  be 
exi)ect€d-  The  parts  preser^•ed  from  destruction  and  denudation  are 
the  more  deeply-seated  portions  only,  the  I'oots,  as  it  were,  of  the  vol- 
cano, the  very  parts  which  we  cannot  see  while  the  volcano  is  active 
or  entire,  but  which  we  do  see  in  aouie  (such  as  those  of  tlie  Mont 
Dor)  that  are  luilf  mined,  and  we  then  tind  these  old  luva  roots  to 
be  essentially  the  same  as  the  tmps ;  and  we  liav(.*  already  seen  that 
deeply  f(irmed  trap  is  not  t«^  be  separated  by  any  Iiard  line  fn»ni 
granite.  If,  therefore,  we  could  follow  any  actual  lava  stream  to  its 
■ioiirce  in  the  bowels  of  the  earth,  we  should,  in  all  probability,  be 
able  U)  mark  in  its  course  every  gradation,  horn  cinder  or  ])uniice 
to  actual  granite. 

(Jranitt  jHissimj  into  Trap. — Xot  (>nly  Ao  voL'anio  districts  sliew  tnij*- 
like  or  gnirutoid  rocks  near  their  roots,  but  many  granitic  districts 
exhibit  i^assages  or  transitions  from  ^'ranites  into  trai>])eiin  r<;cks.  (.'ase> 
have  been  formerly  described  by  Di-s.  M'Culloch  and  Hibbert,  and  one 
verv  interestinL;  one  has  latclv  been  traced  in  detail  bv  Professor  Hauyli- 
ton.  In  his  paper  on  the  gi'ixnites  of  the  Mourne  ^lountain  district  of  tlie 
north-east  of  Ireland,  he  siiews  that  near  Carlingfonl  tlu^re  is  a  granitic 
tnu't  about  five  miles  in  diameter,  of  wlu<:h  Carlingfoid  Hill  is  the 
most  conspicuous  featm'e. 

In  Slievemiglogh,  granite  composed  of 

Quartz  ....  :i(K7() 

Feldspar      ....  (U).37 

Mica  .  l±7fi 


\)\).^'^ 


'  Tin-  olicinist  is  n-miii'lo-l  uf  tin-  fart,  tlial  if  a  mixtuiv  nl  metals,  as,  for  instaiict^  tin, 
hirriiutli,  ami  U'.id,  Ix-  ineltdl,  thry  will,  as  tin-  inixtmv  i'udIs,  have  a  temli-nry  to  solidify 
:-.ii'l  crystallize  jiei»anitely  a«  the  toiiii)i'ratiirf  of  th<!  mass  rt-arhcs  their  respectivu  nu-ltiiiK 
I-»ir»t-..     Thi-J  constitutes  a  great  ditHculty  in  lar^'t-  bronze  ciistings. 
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passes  into  a  granitic  syenite  composed  of 

Quartz         ....  17.16 

Feldspar      ....  67.18 

Hornblende  .  .  16.40 

99.74 
At  Grange  Niah  the  latter  variety  penetrates  the  lower  beds  of  tlie 
Carboniferous  limesttme,  and  while  the  limestone  is  converted  into  a 
sngary  marble  containing  garnets,  the  granitic  syenite  is  converted  into 
a  greenstone  composed  of 

Anorthite    ....         86.84 
Hornblende  .  .         14.16 

100.00 

This  greenstone  *  passes  on  the  mnunit  of  Carlingford  Mountain 
into  a  homhlende  rock! 

Here  we  see  that  the  granitic  syenite  containing  a  trisHicated  feld- 
spar and  an  overplus  of  silica,  was,  by  absorbing  a  qnanljty  of  lime 
while  in  a  state  of  fusion,  made  into  a  rock  containing  a  biHilicat«d 
feldspar  only,  all  the  silica  being  used  np  in  the  compound,  and  the 
quartz  accordingly  disappearing.  The  lime  feldspar  anorthite  had 
hitherto  been  supposed  to  occur  only  in  volcanic  rocks. — {OeoL  Journal, 
London,  vol.  lii.,  1856.) 

JIfr.  Sorbi/'t  Obterraliom  on  Oranite. — Mr.  Sorhy  published  in  the 
Geological  Journal  {vol.  xi\^  p.  463,  etc)  ft  very  interesting  paper  on 
the  Microscopical  Structure  of  Crystals,  in  which  he  ahews  that  it  is 
possible  to  arrive  at  some  remarkable  conclusions  as  to  the  temperatnn- 
and  depth  at  which  the  crystalline  particles  of  granite  and  other  igneous 
rocks  were  formed. 

Crystals  formed  from  ivarm  fluid  solutions,  are  often  full  of  cavities 
which  contain  some  of  the  fluid  in  which  they  wet«  formed.  If  these 
cavities  are  not  completely  filled  with  the  fluid,  the  vacuity  may  be 
taken  as  a  measure  of  the  shrinking  of  the  fluid  during  cooling,  and 
we  may  then  calculate  the  amount  of  heat  requisite  to  eipandthe  con- 
tained Huid  so  as  to  completely  fill  the  cavity,  and  thus  arrive  at  a 
folZd        "^  ^^^  ^"P*'"*'^  °^  *''«  ^"^^  "'  ^"^  tinie  the  crystal  was 

But  crj-stals  formed  in  /uid,  by  f anon  are  ako  full  of  cavities  which 

^^^"Tl,^TTy,  ""'.'  ""'  '  '^'*'-  "■"'■W-ring  the  other  met,  „  din^nl 
nr  dioriW  whm  it  lo«.  ttTr^U,  M"^<«»>»i  tbe  r«k  u  becoming  .  gneutose 
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<yynt^iTi  Bome  of  the  fused  matter  now  become  solid  stone,  together  with 
vacuities,  the  relatiye  size  of  which  enables  us  to  calculate  the  amount 
of  heat  requisite  to  melt  and  expand  the  contained  stone  or  glass  so  as 
to  fill  np  the  whole  cavity. 

The  effect  of  pressure  has  of  course  to  be  taken  into  account ;  the 
greater  the  pressure  the  greater  would  be  the  temperature  of  consolida- 
tion requisite  for  the  production  of  cavities  and  vacuities  in  the  crystals, 
so  that  the  relative  sizes  of  these  when  the  possible  temperatures  of 
consolidation  are  taken  into  account,  gives  us  an  idea  of  the  pressure 
and  possible  depth  imder  which  the  rock  was  consolidated. 

Mr.  Sorby  applies  these  principles  to  the  examination  of  many 
igneous  rocks,  lavas,  traps,  and  granites,  and  proves  from  them  the 
igneous  origin  of  all,  with  this  remarkable  result,  that  the  fliiidity  of 
the  more  superficial  lavas  and  traps  was  a  more  purely  igneous  one 
than  that  of  the  deeper  seated  traps  and  granites.  The  blocks  ejected 
from  Vesuvius  during  eruption  contain  water,  while  the  lavas  do  not  ; 
and  the  ciystals  of  the  Cornish  elvans,  and  the  Cornish  and  Scotch 
granites  contain  both  fluid  and  stone  cavities,  proving  the  presence  of 
water,  and  perhaps  also  of  gas,  as  well  as  the  existence  of  great  heat. 
Mr.  Sorby  says — 

**  On  the  whole,  then,  the  microscopical  structure  of  the  constituent 
minerals  of  granite  is  in  every  respect  analogous  to  that  of  those  formed 
at  great  depths,  and  ejected  from  modem  volcanoes,  or  that  of  the 
quartz  in  the  trachyte  of  Ponza,  as  though  granite  had  been  formed 
imder  similar  physical  conditions,  combining  at  once  both  igneous 
fusion,  aqueous  solution,  and  gaseous  sublimation.  The  proof  of  the 
operation  of  water  is  quite  as  strong  as  of  that  of  heat**  He  says  that 
in  some  coarse  granites  it  is  impossible  to  draw  a  line  between  them 
and  veins  in  which  crystals  of  feldspar,  mica,  and  quartz,  seem  to  have 
been  formed  from  solutions  without  any  actual  fusion. 

It  is  probable  that  traps  and  lavas  which  proceeded  from  this  great 
internal  cauldron  towards,  or  on  to,  the  surface,  would  lose  their  gaseous 
and  watery  constituents  by  evaporation. 

Mr.  Sorby  arrives  at  the  conclusion,  that  if  granite  and  elvan  finally 
consolidated  at  a  temperature  not  exceeding  about  608°  F.,  the  elvans 
of  Cornwall  must  have  been  formed  under  a  pressure  equal  to  that 
which  would  have  been  exerted  by  a  thickness  of  about  40,000  feet  of 
rock,  those  of  the  Highlands  of  Scotland  one  of  69,000.  His  calcula- 
tions imite  in  giving  these  conclusions  . — 

The  granites  of  the  Highlands  indicate  a  pressure  of  26,000  feet 
more  than  those  of  Cornwall. 

The  elvans  of  the  Highlands,  one  of  28,700  feet  more  than  those  of 
ComwalL 
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The  luctamorpliic  rocks  of  the  HigUands,  one  of  S3,70O  feet  more 
than  thoee  of  CornwaJI. 

If  the  tcui))enitUTe  of  conBolJcUtioa  was  higher,  the  pressures  mai>t 
have  been  greater. 

It  is  not  intended  in  hia  conulusiona  to  point  ont  the  abeolute  dejitlis 
at  which  the  roclw  consolidated,  since  the  pressure  they  were  subjected 
to  would  arixe  in  part  from  the  impelling  force  acting  from  lielun- 
agoiiist  the  superincumbent  moss. 

Contraction  of  Igneous  Roclt  on  eooii'iy.— Biachof  has  mode  some 
important  observations  on  the  contraction  of  igneous  rocks  as  they  paw 
from  a.  fluid  or  glassy  slate  to  a  consolidated  condition. — {D'Archlnc, 
voL  iii.  p.  598). 

He  experimented  on  basalt,  trachyte,  and  granite,  and  got  tlie 
following  results  ; — 

Basalt       ...  1  0.9298 

Trachj-te  .  .  1  0.9214 


Basalt      ...         1  0.806 

Trachyte  .  1  0.8187 

Granite     ...  1  0.7481 

From  this  it  would  appear  that  graoite  contracts  26  per  cent,  or  a 
([uarter  of  its  volume,  in  passing  from  a  fluid  to  a  crystalline  state, 
and  IS  per  cent  in  passing  from  a  glassy  to  a  crystalline  state.  Tliese 
elTtcts  must  have  had  a  great  importance  "  when  the  primary  granites 
were  first  cooling,"  says  M.  D'Arcliiac  ;  but  their  importance  seems  to 
ine  still  greater  to  geologists  who  are  examining  the  broken  and  con- 
torted rocks  on  the  flanks  of  existing  granite  chains,*  and  Ihe  phenomena 
iif  intrusion  which  we  shall  hereaftt-r  meet  with  in  such  situations, 

M.  Deville  and  M.  Delcsse  arrive  at  results  rather  different  from 
Bischors,  and  the  latter  gives  the  following  table  as  comprising  the 
limits  within  which  tlie  several  rooks  mentioued  contract  on  jxissing 
from  a  fluid  to  a  solid  state. 

Granite,  Icptynites,  quaitKiferous  ivoqiliyries,  etc.  !>  to  10  \Kt  cent. 

Syenitic  granite,  and  syenite      .  .  .  8  to  9  „ 

Porphyry,  red,  brown,  or  green,  with  or  without 
quartz,  having  a  base  of  orthose,  oligoclase, 
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Diorites  and  porphjrritic  diorites  (greenstones) 

Melaphyres  

Basalts  and  trachytes  (old  volcanic  rocks)   . 
Lavas  (volcanic  and  vitreous  rocks)    . 


6  to  8  per  cent. 
6  to  7 
3  to  5 
0  to  4 


» 


M.  Delesse  sums  up  his  results  as  follows  : — 

"  When  rocks  pass  from  a  crystalline  to  a  glassy  state,  they  suffer  a 
diminution  of  density  which,  all  things  being  equal,  appears  to  be 
greater  in  proportion  to  the  quantity  of  silica  andj  alcali,  and,  on  the 
(^ntraiy,  less  in  proportion  to  that  of  iron,  lime,  and  alumina  which 
they  contain.  In  arranging  the  rocks  in  the  order  of  their  diminution 
of  density,  those  which  we  regard  as  the  more  ancient  are  generally 
among  the  /r«^,  while  the  more  modem  are  the  latter;  and  in  each  case 
their  order  of  diminution  of  density  is  almost  exactly  the  inverse  of 
their  order  of  fusibility.*' 

On  this  I  would  remark  as  before,  that  for  ''  ancient"  and  ''  modem" 
might  be  substituted  ''  deeply  formed"  and  ^^  superficially  fonned  ;"  the 
motft  infusible  and  the  most  contractible  rocks  being  those  produced  at 
the  greatest  depth  and  imder  the  greatest  pressure,  while  the  highly 
fusible  compounds  escape  to  the  surface,  and  suffer  little  contraction  on 
solidification. 

M.  D^Archiac  remarks  that  if  granite  contracts  on  cooling  only  10 
per  cent,  and  that  there  be  a  thickness  of  40,000  metres  of  it  in  the 
crust  of  the  globe,  crystallization  alone  would  diminish  the  terrestrial 
radius  at  least  1430  metres,  and  consequently  alter  the  form  and 
rapidity  of  rotation  of  the  earth.  Such  speculations  are  practically 
useful  only  in  a  negative  sense,  as  shewing  the  great  improbability  of 
anything  like  a  shell  of  40,000  metres  having  cooled  and  consolidated 
at  once  in  the  crust  of  the  earth  during  any  of  the  known  geological 
epochs. 


CHAPTER  V. 

AQUEOUS  ROCKS — MECHAKICALLT  FORKED. 

We  are  compelled  to  look  upon  the  igneonB  rocks  as  original  produc- 
tions. We  can  only  speculate,  and  that  very  vaguely,  on  what  was  the 
condition  of  their  materials  previously  to  their  being  placed,  in  a  molten 
state,  in  the  positions  where  they  subsequently  consolidated. 

In  our  examination  of  the  aqueous  rocks,  however,  we  can  go  a 
step  farther  back,  and  learn,  either  accurately  or  approximately,  whence 
the  materials  composing  them  were  derived,  and  what  was  their  previous 
condition.  This  is  true  of  all  aqueous  rocks,  whether  chemically,  organi- 
cally, or  mechanically  formed. 

We  will  examine  the  mechanically  formed  rocks  first. 

Preliminary  Remarks  on  the  Origin  of  Mechanically  Formed 

Aqueous  Rocks. 

Tlie  instruments  used  by  nature  in  the  production  of  these  rocks 
are,  moving  water,  whether  fluid  or  solid  (ice),  and  moving  air. 

The  Sea, — ^The  sea  is  probably  never  and  nowhere  stagnant  Cur- 
rents, moving  with  greater  or  less  rapidity,  keep  the  whole  mass  in 
circulation  ;  so  that  we  may  look  upon  the  ocean,  Uirough  all  its  depths, 
and  in  all  its  gulfs,  bays,  and  recesses,  as  one  great  slowly  moving 
whirlpool.* 

It  is  probable,  however,  that  no  currents  produce  any  marked  or 
appreciable  effects  upon  solid  rock  at  great  depths  of  water.  The 
mechanical  powers  of  the  sea  are  principally  brought  into  action  by  the 
motion  of  its  surface  along  the  shores  of  aJl  lands,  and  in  its  narrower 
and  shallower  channels.  Sea-breakers  along  beaches,  and  at  the  foot  of 
rliffs,  act  like  ever-moving  jaws  constantly  gnawing  at  the  land.  Tlie 
currents  caused  by  the  ebb  and  flow  of  the  tides  along  shallow  shores 
remove  some  of  the  eroded  materials  ;  the  great  oceanic  currents  of 

*  See  Maurj's  Physical  Geography  of  the  Sea,  and  Johnstone's  Physical  AUas,  etc.  It 
is  of  course  unlikely  that  there  should  be  strong  currents  at  great  depths,  and  yet  it  appears 
unlikely  that  any  depth  should  be  utterly  stagnant,  and  not  affectod  by  any  motion,  cither 
lateral  or  vertical. 
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circulation,  where  they  strike  upon  coasts,  cany  off  others,  and  trans- 
port all,  either  mediately  or  immediately,  to  greater  distances. 

Sometimes  the  hreakers,  after  exerting  a  certain  amount  of  destruc- 
tive action,  seem  to  raise  a  rampart  against  themselves  out  of  the  very 
ruins  they  have  caused,  by  the  fall  of  the  blocks  and  masses  they  have 
undermined  ;  but  the  materials  thus  accumulated  are  often  themselves 
then  attacked,  and  ultimately  removed,  and  the  coast  laid  bare  for  new 
undermining  action.  Oreat  accumulations  of  pebble  beaches  are  common 
along  many  coasts,  and  seem  to  remain  stationary,  since  there  are  always 
piles  of  pebbles  to  be  found  in  the  same  places.  If,  however,  these  are 
watched,  the  accumulations  will  often  be  found  to  consist  of  different 
pebbles  from  day  to  day,  each  pebble  being  in  its  turn  washed  from  its 
place,  which  is  occupied  by  another  like  it  The  great  Chesil  Bank, 
connecting  the  island  of  Portland  with  the  mainland,  and  sixteen  miles 
in  length,  is  a  remarkable  example  of  such  an  accumulation  of  pebbles, 
the  pebbles  in  any  particular  part  of  it  being  all  much  of  the  same  size, 
but  each  one  travelling  gradually  onwards,  and  getting  smaller  and 
smaller  as  it  proceeds. 

Sometimes  waves  and  currents  bring  and  deposit  materials  on  shores, 
and  thus  seem  to  produce  rather  than  to  destroy  ;  but  tliose  niattens 
have  been  themselves  acquired  by  the  destruction  oi  land  at  other 
hxadities,  and  are  often  eventually  removed  again  by  a  change  in  the 
direction  of  the  currents,  or  other  circiunstances. 

In  speaking  of  the  destructive  action  of  water,  indeed,  we  must 
never  forget  that  by  destruction  we  do  not  meim  annihUatwHy  but  only 
Tf -arrangement.  Rock  forming  "  land,"  that  is,  rock  above  the  level  of 
the  sea,  is  destroyed  ;  but  its  materials  are  carried  off  and  deposited, 
either  in  similar  or  in  different  combinations,  to  form  rock  below  the 
level  of  the  sea. 

Where  the  range  of  tide  is  considerable,  some  of  tliese  materials 
may  be  deposited,  and  form  rock  between  high  and  low-water  mark. 

Where  the  heave  of  the  breakers  is  great,  some  of  them  may  be 
even  cast  up  to  a  slight  distance  above  high-water  mark,  and  rock  may 
l>e  thiLs  produced. 

An  interesting  instance  of  the  formation  of  land  by  the  action  of 
the  sea  may  be  observed  along  the  coast  of  Wicklow,  between  Grey- 
stones  and  Wicklow  Harbour.  A  great  bank  of  pebbles  has  been 
th^o^vn  up  for  about  eiglit  or  nine  miles  in  front  of  the  old  shore,  and 
Hometimes  more  than  half  a  mile  from  it.  In  some  places,  especially 
near  Wicklow,  a  j)revious  simdbank  had  been  formed  as  that  culled  the 
Murruugh  of  Wicklow.  Tliese  banks  cut  off  from  the  sea  a  long  and 
narrow  salt-water  lagoon,  to  which  the  sea  retained  an  entrance  at  the 
gap  between  the  pebJde  beach  and  the  hard  rocky  headland  at  the  to>\ni 
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of  Wicklow.  The  upper  part  of  this  salt  water  lagoon  is  now  con- 
verted into  a  marsh  by  the  confluent  deltas  of  the  brooks  coming  from 
Newtown  Moimt  Kennedy,  the  waters  of  which  now  run  into  the  sea 
through  the  pebble  beach.  The  lower  part  of  the  lagoon  is  in  like 
manner  being  filled  up  by  the  deltas  of  the  Vartry  and  Rathnew  brooks, 
which  will  ultimately  break  through  the  pebble  beach,  opposite  their 
present  mouths.  The  quantity  of  sea-water  entering  at  the  mouth 
of  the  harbour  is  annually  becoming  less,  in  consequence  of  the 
silting  up  01  tRe  upper  part  of  the  lagoon ;  and  the  mouth  of  the 
harbour,  which  is  about  two  miles  below  that  of  the  brooks,  is  therefore 
more  and  more  choaked  with  deposits  during  storms,  which  the  scour 
during  ebb  tide  is  less  and  less  able  to  remove.  The  whole  of  the 
Broad  Lough,  as  it  is  called,  will  therefore  be  ultimately  converted  into 
dry,  or  at  least  into  marsh  land,  and  the  harbour  itself  obliterated,  unless 
artificial  means  be  adopted  to  keep  it  open. 

For  instances  of  the  erosive  and  destructive  action  of  the  breakers, 
and  the  abrading  and  transporting  power  of  currents,  during  historic 
times,  we  must  refer  the  student  to  Sir  C.  Lyell*s  Principles  of 
Geology,  chapters  20,  21. 

Along  the  eastern  coasts  of  Scotland  and  England,  as  is  proved  by 
old  records,  land  existed  far  outside  the  present  shore,  the  sites  even  of 
important  towns  of  the  twelfth  or  fifteenth  centuries  being  now  under 
the  sea.  Even  still  in  many  places  whole  acres  are  annually  consumed, 
and  the  total  known  destruction  of  the  last  few  centuries  is  to  be 
measured  sometimes  even  by  miles.* 

All  Sea  Clifs  formed  hi/  Erosive  Action  of  Sea, — ^When  we  have  once 
become  aware  of  the  erosive  action  that  is  now  daily  going  on,  and  have 
learnt  to  observe  its  progress  and  the  marks  of  its  action,  we  are  soon 
irresistibly  led  to  the  conclusion  that  all  sea  cliffs,  crags,  and  pinnacles 
of  rock  have  been  produced  by  the  erosion  and  destruction  of  the 
formerly  more  widely  extended  land ;  and  the  height  and  extent  of  the 
cliff,  together  with  the  hardness  and  durability  of  the  rock  composing 
It,  will  give  us  a  means  of  estimating  the  power  of  this  action,  and  the 
time  consumed  in  it 

The  estimate  thus  formed  will  never  exceed,  but  may  often  fall  far 
short  of  the  truth,  inasmuch  as  the  ultimate  result  of  this  agency  is  to 
bury  and  conceal  from  our  sight  the  monuments  of  ite  action.  We 
may  feel  quite  sure  that  the  cliff  has  been  fonned  in  consequence  of 
tiie  removal  of  the  rock  which  once  fronted  it,  or  intervened  between 

Lyell^"  wS^oM*«^  '""^  ''"•'  ^^°»  ^  Hamp8hi«,  in  company  with  Sir  Charic 
i^yeii.  in  tne  spring  of  1866,  as  we  were  looWmr  down  nr^n  fh«  «h.f*«,«^  .i«««  ^r  # 


looking  down  upon  the  ahattered  slope  of  flragmen- 
by  a  fanner  of  th7l7i^Z  °v 'T  "«tween  their  summit  and  the  beach,  we  were  assured 
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it  and  the  former  position  of  the  coast, — ^but  we  coif-fteairer  feel  assured 
how  much  land  has  been  thus  removed  since  the  presefll  ptiitly  destroyed 
features  of  the  ground  may  have  once  been  protectecT  l\y  knd  with 
different  features  of  its  own.  Land,  moreover,  such  as  anji^ilgland,  may 
at  lost  be  completely  worn  away  and  destroyed;  all  that^.was  once 
above  the  level  of  the  sea  being  carried  off  and  strewed  over  its  bed, 
leaving  to  us  no  visible  record  of  the  event.  .••' 

Inland  Cliffs^  Precipices,  and  Mountain-passes  farmed  also  hy^ilrosivt 
Action  of  Sea, — ^But  when  we  feel  ourselves  entitled  to  take  for  gwCilt^ 
that  all  cliffs  at  the  foot  of  which  the  sea  is  now  beating,  have  fi^i).'. 
produced  by  the  erosive  action  of  its  waves,  it  only  requires  us  to  adidit"'" 
that  the  land  may  have  stood  formerly  at  lower  levels,  so  as  to  allow-  -/ '/ 
the  sea  to  flow  over  the  lower  ports  of  it,  for  us  to  see  the  probability   -'  .- 
that  all  inland  cliffs,  scars,  precipices,  valleys,  and  mountain  passes, 
may  have  been  produced  in  the  same  way. 

The  passes  leading  across  the  crests  of  great  momitain  chains  could 
have  been  produced  by  no  other  cause  than  by  the  eroding  action  of 
the  tides  and  currents  as  the  mountains  rose  through  the  sea ;  what 
are  now  **  pa.sses"  having  then  been  "  sounds"  or  straits  between  islands. 

The  idea  sometimes  entertained  that  these  gaps  or  passes  on  the 
crests  of  mountains  have  been  fonued  by  convulsive  fractures  and 
gapings  of  the  surface,  produce<l  by  disturbing  forces  proceeding  from 
the  interior  of  the  earth,  is  in  all  cases  an  erroneous  one.  Its  mistake 
can  always  be  shewn  by  examining  the  floor  of  the  pass,  when  the 
rocks  will  be  seen  to  stretch  across  it  unbroken  by  any  fracture,  and  as 
solid  and  undisturbed  as  in  any  other  X)art  of  the  mountaiiL  Isolated 
crags  and  precipices,  or  long  lines  of  cliff  and  of  steep  slopes,  looking 
down  upon  broad  plains,  must  have  in  like  manner  been  formed  by  the 
sweeping  power  of  the  seii.  Broad  open  valleys  attest  a  similar  orij^in,  ' 
and  speaking  generally,  tlie  principal  featiu'es  in  the  form  r>f  the 
ground  in  all  lands  have  been  produced  by  tliis  wi(le-si)read  action. 

The  removal  of  vast"  masses  of  rock,  therefore,  by  this  agency,  and 
itH  transport  to  the  beds  of  neighbouring  seas  and  oceans  becomes 
certain.  The  results  of  this  erosive  action  are  exlii}>ited  to  us  often  in  the 
most  striking  manner  in  the  gorges  and  raWnes  of  mountain  slopes, 
but  low  gently  undulating  grounds  frequently  present  examples  of  it 
that  are  in  refdity  still  more  wonderful ;  since  geologists  can  prove  that 
such  grounds  were  onc«  covered  by  great  mountains,  or  at  least  by 
masses  of  rock  which  wore  equal  in  bulk  to  tlie  greatest  of  existing 
moimtains,  and  that  these  vast  masses  have  been  ground  down  and 
utterly  removed  and  swept  away,  so  that  we  have  now  left  merely  the 
base  on  which  they  stooil. 

To  such  agency  we  can  only  allude  here  in  brief  and  general  tonus, 
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so  as  to  pre{yu:e*<the  student  to  estimate  rightly  the  forces  and  the 
actions  wliiclj^we'fthall  have  to  consider  in  their  proper  place. 

I{ai7u-^T}ie  sea,  however,  is  not  the  sole  agent  of  the  destruction  of 

that  porti2>ir  jgf  rock  at  or  above  its  level,  which  we  call  land.     All  rain 

falling   vq^ii  land,  and  either  running  over  its  surface  or  draining 

througli'itd  interior,  is  constantly  abrading  and  carrying  off  particles  of 

pre^^j^sting  rock  in  the  shape  of  mud,  silt,  and  sand.     From  the 

gutters  and  the  ditches,  from  the  rills,  the  streams,  and  the  brooks, 

Jtl\fi9^  materials  for  the  building  of  mechanically  fonned  rocks  are  almost 

.'.^Mjeasingly  being  carried  into  the  rivers,  and  by  them  transported  to 

**\^^  beds  of  lakes  and  seas.     Insignificant  as  such  an  action  may  appear 

'•*'.•  4o  us,  its  results  when  continued  through  hundreds  and  thousands  of 

./-  years  become  far  greater  than  we  should  at  first  imagine. 

Landslips. — ^Rain  soaking  into  ground,  and  issuing  as  springs  on 
steep  slopes  or  precipices,  sometimes  exerts  a  more  wholesale  destructive 
power,  by  gradually  loosening  and  imdermining  veiy  considerable 
masses  of  ground,  and  thus  causing  them  to  be  launched  forward,  down 
the  slope,  producing  what  are  called  *'  landslips.**  Examples  of  land- 
slips are  common  in  most  hilly  countries.  Some  of  them  are  described 
by  Lyell  in  the  twentieth  chapter  of  his  Principles,  especially  the 
remarkable  one  (originally  described  by  Buckland  and  Conybeare), 
on  the  coast  of  Dorset,  when  a  mass  of  chalk  slid  over  the  surface  of  a 
bed  of  clay  down  into  the  sea,  leaving  a  rent  three-fourths  of  a  mile 
long,  1 50  feet  deep,  and  240  feet  wide,  the  whole  mass  on  the  seaward 
side  of  it,  with  its  houses,  roads,  and  fields,  being  cracked,  broken,  and 
tilted  in  various  directions,  and  thus  prepared  for  being  more  easily 
carried  off  by  the  action  of  the  sea. 

Far  larger  instances  of  ancient  landslips,  of  which  no  record  is 
known,  and  which  took  place  perhaps  before  historic  times,  or  even 
before  the  country  was  inhabited  by  man,  may  be  observed  in  some 
parts  of  the  south-west  coast  of  Ireland  On  the  coast  west  of  Bear- 
haven  in  county  Cork,  and  west  of  Brandon  Head  in  county  Kerry,  as 
also  in  Derrymore  Glen  between  the  mountains  called  Baurtregaum  and 
Cahirconrea,  great  cliffs  were  observed  during  the  progress  of  the  geo- 
logical survey,  in  which  the  beds  of  rock  lay,  in  most  abnormal  and 
puzzling  positions,  so  that  it  was  difficult  to  understand  how  they  had 
assumed  them,  imtil  the  idea  struck  me  that  they  formed  pc^  of 
gigantic  landslips,  an  idea  which,  when  once  suggested,  readily  accoxmted 
for  the  circumstances.  Masses  of  land  with  cliffs  800  feet  high  were 
then  seen  to  be  nothing  but  a  confused  heap  of  broken  ruins,  their 
cracks  and  dislocations  being  superficial  only,  or  not  extending  below 
the  level  of  the  sea. 

Ice  and  JStww. — ^When  rain  falls  as  snow,  on  the  other  hand,  it 
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exerts  a  conservative  and  protective  effect  as  long  as  it  retains  its  solid 
foim,  baty  on  melting,  acts  like  rain,  and  even  with  greater  intensity, 
inasmuch  as  a  greater  amount  of  water  is  often  set  loose  and  in  motion 
over  the  land  by  the  rapid  melting  of  snow  than  would  fall  in  the 
same  space  of  time  in  the  shape  of  rain  directly  from  the  clouds.  The 
most  extensive  and  powerful  floods  are  those  of  the  spring  in  mountain- 
ous districts,  when  Uie  snows  melt  rapidly  on  the  hills. 

If  rain  or  other  water  soaks  into  rocks  and  fills  up  their  interstices, 
either  the  small  pores,  or  the  crevices,  joints,  and  fissures,  by  which  all 
rocks  are  traversed,  and  this  water  then  freezes,  its  conversion  into  ice 
is  accompanied  by  an  expansion  which  exercises  an  irresistible  mechani- 
od  force,  the  effect  of  which  will  be  either  the  disintegration  of  the 
pazticlee  in  the  one  case,  or  the  breaking  and  rending  asunder,  and  the 
displacement  of  the  laiger  masses  in  the  other.  On  mountain  summits 
and  sides,  subject  to  great  vicissitudes  of  temperature,  this  agency  exerts 
no  mean  effect  The  hardest  rocks  may  be  broken  up  by  it,  and  enor- 
mous blocks  ultimately  displaced  and  toppled  over  precipices,  or  set 
rolling  down  slopes  to  suffer  still  further  fracture,  and  produce  still 
greater  ruin  in  their  fall. 

Few  men  live  in  situations  enabling  them  to  ob8er\'e,  and  of  those  still 
fewer  have  the  ability  or  the  inclination  to  note  and  recoixl  the 'amount 
of  this  agency  in  the  remote  and  inaccessible  places  where  it  is  greatest. 
Its  amoiuit,  however,  may  be  measured  by  the  ]>ile8  of  an^ilar  frag- 
ments, large  and  small,  lying  at  the  foot  of  crags  and  precipices,  or 
sometimes  on  the  sharp  peaks  and  steep  summits  of  the  mountains, 
where  they  are  the  ruins  of  formerly  existing  "  torrs  "  and  pinnacles. 

Captain  Beechey  in  his  voyage  towonls  the  North  Pole  (Dorothea 
and  Trent),  describes  the  amomit  of  this  action  as  very  great  in 
Spitzbergen.  He  says  that  the  mountains  were  rapidly  disintegrating 
from  the  great  absoq)tion  of  wet  during  sunmier,  and  its  dilatation  by 
frost  in  winter.  "Masses  of  rock  were,  in  consequence,  rei)catedly 
detached  from  the  hills,  accompanied  by  a  loud  rejwrt,  and  falling  from 
a  great  height,  were  shattered  to  fragments  at  the  base  of  the  mountain, 
there  to  undergo  a  more  active  disintegration."  Soil  was  tlius  formed, 
he  says,  up  to  1600  feet  above  the  sea.  (See  Sir  J.  Richardson's  Pohu- 
Voyages,  p.  207). 

Glaciers, — When  mountains  are  covered  by  perpetual  snow,  all  the 
parts  so  covered  are  protected  by  this  envelope  from  all  cliange.  In  such 
situations,  however,  the  moving  power  of  water  takes  another  form, 
that  of  the  glacier,  or  "  river  of  ice."  The  lower  loonier  of  tlie  per- 
jietual  snow-mass  passes  into  ice,  partly  from  the  presHure  of  tlie 
mass  above,  and  partly  from  the  alternation  of  melting  and  freezing 
temperatures,  just  as  snow  on  the  roof  of  a  house  ibmis  icicles  at  its 
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lower  edge,  when  some  of  it  ia  melted  bf  the  eon  or  the  warmth  of  the 
hooBe,  and  lefrozen  bj'  the  cold  from  ev&poration,  or  the  next  nighl'A 
frost  This  ice  accumulates  in  the  valleys,  end  is  frozen  into  a  eolid  or 
nearly  solid  mass,  called  a.  gUder.  Qlaciers  Bometimee  fill  up  valleyB 
twenty  miles  long,  by  three  or  four  wide,  lo  the  depth  of  600  feet. 
Althoi^h  apparently  solid  and  stationary,  they  really  move  slowly 
down  the  valleys,  and  carry  with  them,  either  on  the  surface,  frozen 
into  their  mass,  or  grinding  and  rubbing  along  the  bottom,  all  the  frag- 
mentA,  large  and  small,  from  blocks  many  tons  in  weight,  down  to  the 
finest  sand  and  mud,  that  rain,  and  ice,  and  the  friction  of  the  moving 
glacier  itself,  detach  from  the  adjacent  rocks.* 

The  glaciers  of  the  Alps,  and  probably  those  of  other  parts  of  the 
world,  descend  to  a  vertical  depth  of  nearly  4000  feet  below  the  line 
of  perpetual  snow,  before  they  finally  melt  away,  and  leap  forth  as 
rivers  of  running  water.  The  confused  pile  of  materials,  of  all  sorts 
and  sizes,  which  they  there  deposit,  is  called  the  "  moiaine."  This 
word  is  also  applied  to  the  lines  of  blocks  that  are  carried  along  on  the 
surface  of  the  glacier,  which  are  called  the  lateral  moraines,  the  one  at 
iLe  end  of  the  glacier  being  styled  the  terminal  motaine. 

It  is  easy  to  undentand  that  a  glacier  slipping  down  its  valley, 
may  bear  on  its  sides  the  blocks  and  fragments  that  fall  from  the 
adjacent  clifis,  just  as  a  river  would  carry  down  the  stems  and  sticks 
and  leaves  from  the  woods  on  ilB  banks.  A  line  of  these  might  in  each 
case  be  seen  on  each  side  of  the  stream,  and  if  two  streams  onite,  the 
two  lines  of  transported  snbatances  on  their  adjacent  sides  would  like- 
wise unite,  and  be  carried  down  as  a  double  medial  line  along  the 
centre  of  the  stream  below  the  junction.  In  this  manner,  if  a  glacier 
have  many  tributaries  in  its  upper  parts,  the  lower  portion  of  it  may 
have  many  medial  lines  of  moraine,  and  in  some  cases  so  many  as  to  be 
entirely  covered  with  a  confused  stratum  of  debris. 

The  river  of  water  that  always  springs  from  the  end  of  a  glacier,  is 
of  course  quite  unable  to  move  the  larger  blocks  which  have  been  car- 
ried down  by  the  glacier,  and  they  remain  in  the  terminal  moraine 
until  they  are  worn  away,  or  broken  up  by  atmospheric  influences. 
The  river,  however,  carries  off  at  once  the  fine  mud  and  impalpable 
sand  and  powdert  derived  from  the  grinding  action  of  the  glacier,  and 

-  PartheileiicripUoDoCtliegliuilenortbs  AlpaiHodtlwciiinortheinottiiDofglBrlcn, 
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flawB  as  a  dirty  yellowish  or  greenish  white  »trcain  of  filthy  water,  until 
it  reaches  the  sea,  or  some  great  lake  like  that  of  Geneva,  in  which  the 
sediment  may  be  deposited.  The  Rhone  that  ha^  become  purified  in 
the  Lake  of  Geneva,  is,  shortly  after  issuing  from  it,  contaminated  by  the 
Arve  and  other  rivers  below.  The  Rhine  after  leaving  Lake  Constance, 
in  like  manner  receives  the  Aar  with  all  the  washing  of  the  glaciers  of 
the  Oberland,  and  roUs  henceforth  a  rapid  turbid  stream  into  the  Ger- 
man Ocean.  Holland  is  in  great  part  composed  of  nmd  from  the 
glaciers  of  Switzerland. 

Ic«herg9. — If,  however,  it  so  happen  tliat  a  glacier  come  down  into 
a  lake,  or  into  the  sea,  before  it  melt  away,  large  fragments  of  it  (ice- 
bergs) will  be  frequently  floated  off,  with  all  their  freight  of  rt>ck- 
fragments  of  all  kinds  ;  and  these  loaded  icel)ergs  may  then  be  carried 
great  distances  before  they  entirely  dissolve.  In  this  manner,  large 
nnwom  angular  blocks  of  rock  may  sometimes  be  dropped  on  the  l^ 
of  the  sea  even  hundreds  of  miles  from  their  original  site.  The  termi- 
nal moraine,  instead  of  a  pile  at  the  foot  of  the  glacier,  is  thus  dissemi- 
nated far  and  wide  over  the  bottoili  of  the  surrounding  seas. 

The  finer  sediment  imparted  to  the  sea  by  melting  icebergs  may,  of 
course,  be  carried  still  further  by  the  oceanic  currents,  an«l  thus  mud 
at  the  bottom  of  a  trr^pical  ocean  may  be  derived  from  the  grinding  of 
arctic  or  antarctic  land. 

Rivtr  ValUys. — Rivers  fonn  their  own  })eds,  but  not  their  o^^^l 
valleys.  Rivers  are  the  results  of  their  valleys,  but  they  are  their 
immediate  residts.  The  river  coubl  not  be  fonned  till  after  the  vallev, 
with  all  its  tributary  branches,  had  been  marked  out  ;  but  the  valley 
could  not  even  be  marked  out  without  the  river,  in  nia<5t  c4U'es,  simul- 
taneously springing  into  existence,  and  commencing  to  form  its  channel 
or  bed,  and  thus  modify,  and  deepen,  and  comj^lete  the  valley. 

If  we  watch  the  tide  receding  from  a  flat  muddy  cojust,  we  .see  that 
the  mud  flat,  even  where  no  fresh  water  drains  over  it  from  the  land, 
is  frequently  traversed  by  a  number  of  little,  branching  systems  of 
channels,  opening  one  into  the  other,  iuid  tending  to  one  general 
eml)OUchure  on  the  margin  of  the  mud  flat,  at  low-water  mark.  Tlie 
surface  of  the  mud  is  not  a  geometrical  plane,  but  slightly  undulating  ; 
and  the  sea,  as  it  recedes,  carries  olf  some  of  the  lighter  and  looser 
surface-matter  from  some  parts,  thus  making  additionid  hollows,"  jmd 
forming  and  giving  directi(m  to  current^,  which  acc^uire  more  and  more 
force,  and  are  drawn  into  nan*ower  limits,  as  the  water  falls.  Deei>er 
channels  are  thus  errnled,  and  canals  sui)}>lied  for  the  drainage  of  the 

inelUxl,  and  a  cloud  of  sedimeut  was  disrharKcd  into  the  waK^r,  hi>  that  in  tlio  spac«  of  t*n 
iiiinut<»a,  the  glass  of  water  whiith  wjia  at  first  quite  clear,  became  as  turbid  as  if  a  spoonful 
of  milk  had  l>eeu  dropped  into  it. 
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whole  surface.  First  two,  and  then  more,  of  these  little  systems  of 
drainage  unite,  until  at  dead  low-water  we  often  have  the  miniature 
representation  of  the  river  system  of  a  great  continent  (wanting  of 
course  the  mountain  chains),  produced  before  our  eyes  in  the  course  of 
a  single  tide,  in  the  very  manner  and  by  the  very  agent  by  which  all 
river  systems  on  all  islands  and  continents  have  been  produced 

The  difference  between  them  is  this  only,  that  our  islands  and  con- 
tinents are  now  above  the  sea,  not  in  consequence  of  the  gradual  fall  of 
the  water,  but  in  consequence  of  the  gradual  rise  of  the  land. 

It  may  be  said,  moreover,  that  this  little  drainage  system  thus  set  up 
in  a  mud  flat  is  not  the  result  of  the  action  of  one  tide,  that  it  is  not 
obliterated  every  time  it  is  covered  at  high-water,  and  reproduced  again 
afresh,  but  is  the  final  result  of  many  elevations  and  depressions,  and 
many  successions  of  drainage  action,  all  combining  to  produce  the  same 
effect  in  the  same  lines,  wherever  nothing  has  happened,  in  the  mean- 
while, to  direct  them  into  different  ones. 

Just  so,  however,  it  is  with  the  river  systems  of  our  dry  lands. 
The  present  form  and  contour  of  our  lands,  and  their  partition  into 
basins  of  drainage  or  river  systems,  each  divided  from  the  other  by 
lines  of  "  watershed,''  is  the  result  of  many  elevations  above  the  sea, 
and  depressions  below  its  leveL  The  internal  forces  of  elevation  and 
depression  have  acted  not  once  only,  but  many  times  ;  and  accordingly 
the  whole  surface  of  our  land  has  been,  not  once  onl^,  but  often,  sub- 
jected to  the  graving  tools  and  gouges,  the  planes  and  chisels,  so  to 
speak,  of  the  upper  surface  of  the  sea  ;  the  hollows  and  excavations 
thus  caused  not  having  been  obliterated,  but  generally  deepened  and 
intensified  on  each  occasion. 

Action  of  Rivers, — This  re-direction  of  draining  water  into  old 
channels  will  be  more  certain  and  frequent  in  proportion  to  the  steep- 
ness of  the  ground  and  consequent  rapidity  of  the  flow  of  water  ;  and 
channels  once  selected  will  there  be  more  rapidly  deepened,  and  more 
completely  and  permanently  formed.  Such  deep  valleys  (ravines,  as 
we  should  then  call  them)  are  scarcely  to  be  obliterated,  or  otherwise 
altered  than  from  deepening  and  enlargement,  by  any  nimiber  or 
amount  of  changes,  short  of  the  removal  of  the  mass  of  high  ground 
which  they  traverse.  As  long  as  the  mountains  remain  undestroyed, 
the  valleys  and  ravines  must  obviously  be  continually  enlarged,  either 
vertically  or  laterally,  by  the  action  of  the  waters  which  traverse  them. 

The  erosive  action  of  moimtain  torrents  can  hardly  fail  to  be  per- 
ceived by  any  one  who  visits  them.  In  their  narrow  channels,  smooth 
grooves  and  cuts,  obviously  water-worn,  may  often  be  observed,  even  in 
the  hardest  rocks ;  while  holes,  called  "  pot-holes,"  of  several  feet  in 
depth  and  width  are  often  formed  in  such  rock  by  the  whiding  action 
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of  water  keeping  in  perpetual  circular  motion  a  few  pebbles  or  a  little 
sand.  Cascades  and  waterfalls  dig  deep  holes  and  black  pools  below 
the  ledges  over  which  they  fall,  and  often  undermine  those  ledges,  and 
thus  break  them  away,  block  by  block,  much  faster  than  the  abrasion  of 
mere  water  friction  could  remove  theuL  Cataracts  cut  their  way  back 
in  all  rivers,  whether  in  the  ravines  of  mountains,  or  when  they  fall 
from  one  plain  or  one  table-land  to  another,  as  in  the  case  of  the  Falls 
of  Niagara  and  others.  The  ravine  that  the  river  St.  Lawrence  has 
excavated  for  itself  by  the  recession  of  its  Falls  is  7  miles  long,  200  to 
400  yards  wide,  and  200  to  300  feet  deep,  and  would  require  some- 
thing like  35,000  years  for  its  production,  at  the  present  rate  of  pro- 
gress.— {LyelVs  Principles  of  Otology^  chap,  xiv.) 

The  amount  of  sediment  transported  by  a  river  at  any  given  time 
varies  very  greatly,  and  the  amount  transported  by  different  rivers  is 
also  very  various.  Dr.  Livingstone  (in  his  Missionary  Travels  in  South 
Africa,  p.  598),  describes  rivers  which  ordinarily  have  more  sand  in 
them  than  water.  He  says,  ^'  We  came  to  the  ^ngesi,  a  sand  rivulet 
in  flood.  It  was  sixty  or  seventy  yards  wide,  and  waist  deep.  Like 
all  these  sand  rivers,  it  is  for  the  most  part  dry  ;  but  by  digging  down 
a  few  feet,  water  is  to  be  found,  which  is  percolating  along  the  bed  on 
a  stratum  of  clay.  ...  In  trying  to  ford  this,  I  felt 
thousands  of  particles  of  coarse  sand  striking  my  legs. 
These  sand  rivers  remove  vast  masses  of  disintegrated  rock  before  it 
is  fine  enough  to  form  soiL  .  .  .  The  shower  of  particles 
and  gravel  which  struck  against  my  legs  gave  me  the  idea  that  the 
amount  of  matter  removed  by  every  freshet  must  be  very  great  In 
most  rivers  where  much  wearing  is  going  on,  a  person  diving  to  the 
bottom  may  hear  literally  thousands  of  stones  knocking  against  each 
other.  This  attrition  being  carried  on  for  hundreds  of  miles  in  different 
rivers,  must  have  an  effect  greater  than  if  all  the  pestles  and  mortars 
and  mills  of  the  world  were  grinding  and  wearing  away  the  rocks.** 

The  temporary  damming  up  of  rivers,  and  subsequent  breaking 
down  of  the  barrier  and  escape  of  the  lake  formed  above  it,  produces 
sometimes  the  most  remarkable  instances  of  the  power  of  moving  water. 
Rocks  as  big  as  houses  are  thus  set  in  motion  and  carried  sometimes 
for  very  considerable  distances  down  the  valleys. — (See  Lyelly  as  above  ; 
also  JamewfCs  Mineralogy y  vol.  iii.,  and  De  la  Beckys  Manual  and  Geo- 
logical Observer) 

The  blocks  accumulated  in  moimtain  torrents  are  usually  crags  that 
have  been  gradually  loosened  by  the  weathering  action  of  the  spray,  or 
undermined. by  the  abrasion  of  the  water,  and  then  fallen  into  the  bed 
of  the  river.  These  blocks,  arresting  the  force  of  the  stream,  are  imme- 
diately attacked  by  it,  and  very  soon  become  smooth  and  roimded  by 


108  ACTION  OF  RIVERS. 

attrition,  either  of  the  mere  water,  or  of  water  charged  with  sand  and 
graveL  When  sufRciently  lightened,  and  sufficiently  rounded  and 
polished,  some  greater  flood  than  usual  sets  them  in  motion,  to  receive 
still  further  rough  treatment  themselves,  and  to  become  converted  into 
tools  for  the  breaking  up  and  grinding  of  others,  till  at  length  the 
massive  and  shapeless  crag  is  rolled  forward  into  the  brook  in  the  fonn 
of  a  quantity  of  small  round  pebbles.  These  undergo  here  a  continua- 
tion of  the  same  mechanical  operation  as  before,  till  they  are  delivered 
by  the  brook  into  the  river  in  the  shape  of  grains  of  sand,  and  are  thus 
swept  onward  towards  the  sea  ;  and  if  the  river  be  veiy  large,  lonj^ 
before  they  reach  the  sea  the  sand  is  ground  down  into  mud  of  the 
finest  and  most  impalpable  description.*  Clouds  of  such  mud  disc*)lour 
the  sea  off  the  mouths  of  great  rivers,  such  as  the  Amazon  and  Orinoco, 
even  for  many  scores  of  miles  out  of  sight  of  land  ;t  and  the  great  ocean 
currents  may  carry  it  on,  still  slowly  sinking  through  greater  depths, 
even  for  many  himdred  miles  further,  before  it  finally  settles  to  rest  in 
some  tranquil  hollow  of  the  bed  of  the  ocean. 

Difference  between  River  Action  and  that  of  Sea, — ^Although  the  sea 
and  the  river  both  cut  away  and  carry  off  rock  by  the  power  of  moving 
water,  the  result  of  their  action  is  easily  to  be  distinguished.  The  sea 
acts  for  the  most  part  along  a  horizontal  plane,  cutting  down  land  to  its 
own  level  with  a  broad,  widely-spread  action,  always  tending  to  produce 
a  level  surface,  not  only  over  the  land  which  it  destroys,  but  by  filling 
up  the  hollows  in  its  own  bed  with  the  materials  derived  from  that 
land.  The  river,  on  the  other  hand,  acts  in  a  vertical  direction,  cutting 
its  way  down  over  a  comparatively  narrow  and  often  tortuous  line  of 
ground,  and  thus  tending  to  make  the  surface  rugged  and  uneven,  and 
to  wear  in  it  deeper  and  deeper  valleys  or  ravines.  We  shall  have  occa- 
sion hereafter,  when  speaking  of  "  Denudation,"  to  remark  this  difference 
in  the  effect  produced  upon  the  surface  of  land  more  particularly. 

Motive  Potoers  of  Water, — We  shall  be  able  better  to  understand  how 
rapidly  the  size  of  water-borne  fragments  increases  in  proportion  to  the 
velocity  of  the  moving  water,  when  we  learn  from  Mr.  W.  Hopkins  J 

*  For  a  description  of  these  facts  as  observed  in  the  bed  of  the  Oangea  and  its  tributaries, 
sec  Hooker's  admirable  Himalayan  Journals,  vol.  1.,  p.  878. 

t  **  The  river  Plata,  at  a  distance  of  600  miles  from  the  month  of  the  river,  was  found  to 
uiaintahi  a  rate  of  a  mile  an  hour ;  and  the  Amazon,  at  SOO  miles  ftrom  the  entrance,  was 
found  running  nearly  three  miles  per  hour,  its  original  direction  being  but  little  altered,  and 
the  water  nearly  fresh."— (^rf»n(ra/<y  Manual  of  Scientific  Inquiry,  note,  p.  84.)  Nothing  is 
said  there  of  the  sediment  in  the  river,  but  I  have  myself  seen,  when  anchored  ten  or  fifteen 
mUes  ftnom  the  shore  of  New  Guinea,  north  of  Torres  Straita.  the  waters  of  the  much  amaller 
rivers  of  that  island  rush  out  as  the  tide  fell,  with  a  strong  discoloured  stream  of  some  miles 
in  width,  and  in  such  quanUty  as  to  be  shortiy  drinkable  alongside.— (royaoe  of  the  Fly, 
voL  I,  pp.  217  and  219.)  ^     »^    yf 

t  See  Presidential  Address  to  the  Oeoi  8oc.  Lon.,  for  year  1862,  p.  xxviL 
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that  the  power  of  vaUr  to  move  lodies  that  are  in  it  increases  as  the  sixth 
fover  of  the  velocity  of  the  current.  Thiw  if  we  double  the  velocity  of  u 
current,  its  motive  power  is  increaaccl  sixtif-foxir  times;  if  its  vt'locity  be 
mnltipUed  bv  3,  its  motive  power  will  be  increased  729  times ;  if  by  4, 
4096  times ;  and  so  on. 

In  studying  the  mechanical  force  of  water  uih)Ii  r«)ck,  also^  it  L< 
neoessaxT  to  bear  in  mind  that  all  earths  and  stones  lose  fully  a  third  of 
their  weight  when  suspended  in  water.  These  considerations  enable  us 
to  understand  more  readily  the  fact  of  blocks  of  rock  many  tons  in 
weif^t  having  lieen  removed  from  breakwaters  and  jetties,  and  carried 
{lometimes  many  yards  during  great  storms,  as  also  of  still  larger  blocks 
hurried  along  by  floods,  etc 

Tlie  rolling  power  of  water  upon  stones  lying  in  its  bed  depends 
greatly  on  their  shape  also,  the  same  current  being  easily  able  to  roll 
along  pieces  of  rock  in  the  form  of  rounded  pebbles,  that  it  would  be 
quite  unable  to  move  if  they  were  in  the  shape  of  flat  slabs ;  while, 
conversely,  flat  slabs  or  flakes  would  float  more  easily,  or  sink  more 
alowly,  than  rounded  or8f[uare-6haped  fragments  of  the  same  weight  and 
cubic  contents.  Flakes  of  mica,  lu*  Sir  C.  Lyell  obsor\'es,  there f<»re,  mifi^ht 
be  floated  and  transjwrted  onwartls  where  j^rjiins  of  <|uiirtz,  evi*n  tliou|^'h 
lighter  than  the  mica,  would  sink ;  and,  on  the  other  hand,  rounded 
quartz  pebbles  might  be  rolled  forward  whore  smaller  and  liattur  piec^*s, 
in  the  ?hape  of  shingle,  would  be  brought  to  rest. 

Mr.  Babbage  has  lately  treated  of  this  subject,  in  a  jiajK??  of  which 
an  abstract  appeared  in  the  Jounial  of  the  (leolo^^cal  Society,  November 
1856. 

He  there  supposes  the  case  of  a  river,  the  moutli  « )f  which  is  1 00 
ft*t  deep,  delivering  four  varieties  of  fine  detritus  into  a  sea  which  has 
a  uniform  depth  of  1000  feet  over  a  gi-eat  extent,  which  sea  is  traversed 
by  one  of  the  great  ocean  currents,  moving  with  a  certain  given  velocity.* 
He  takes  for  granted  that  the  four  varieties  of  detritus  are  such  as, 
frr>ni  their  size,  shape,  and  specific  graWty,  would  fall  through  still  water, 
the  first  10  feet  per  hour,  the  second  8  feet,  the  third  5  feet,  and  the 
fmrth  4  feet.  The  combined  eflijct  of  the  do^\'nward  motion  of  the 
detritus  and  the  onward  motion  of  the  water,  woidd  then  bring  the  first 
variety  to  the  bottom  of  the  sea,  at  a  distance  oi  180  miles  from  the 
river's  mouth,  and  strew  it  over  a  space  20  miles  long ;  the  second  variety 
would  oidy  begin  to  reach  the  bottom  225  miles  from  the  river's  mouth, 
and  woidd  be  spread  over  25  miles,  and  so  on,  as  in  the  following 
Table  :— 

•  TLe  snitposed  velcKsity  of  the  river  ami  ocean  rurrout  is  not  stated  in  the  abstract,  but 
from  tlic  caiculation  would  appear  to  bavo  been  taken  at  '1  niLlcs  per  hour. 
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No. 

Velocity  of 
fkll  per  hour. 

Nearest  distance 
of  deposit  to 
river  mouth. 

Length  of 
deposit. 

1 
Greatest  distance 
of  deposit  from 
river  mouth. 

1 
2 
3 
4 

Feet 

10 
8 
5 

4 

MUes. 

180 
225 
360 
450 

Miles. 

20 
25 
40 
50 

Miles. 

200 
250 
400 
500 

We  should  thus  have,  proceeding  from  the  same  river,  and  poured  into 
the  sea  either  simultaneously  or  at  different  times,  four  different  and 
widely  separated  patches  of  mud  or  clay  formed  on  the  sea  bottom. 

Mr.  Babbage  says,  that  this  subject  was  siiggested  to  him  from  his 
observing  the  extreme  slovmess  with  which  a  very  fine  powder,  even  of  a 
very  heavy  substance,  such  as  emery,  subsides  in  water,  and  he  speaks 
of  mud  clouds  being  suspended  in  the  depths  of  the  ocean,  where  the 
density  of  the  water  increases,  for  vast  periods  of  time. 

Amount  of  Matter  transported  hy  Rivers, — ^The  amoimt  of  mechanical 
work  done  by  rivers  can  be  estimated  by  examining  their  waters  at 
different  periods,  and  determining  their  solid  contents.  If  this  be  done 
by  simply  evaporating  the  matter,  the  result  will  be  not  only  the 
mechanically  suspended  mineral  matter,  but  also  that  which  was  chemi- 
cally dissolved  in  the  water.  As  the  separation  of  these  two,  however, 
is  rather  troublesome,  and  not  very  important,  it  is  not  often  attempted  ; 
neither,  as  a  measure  of  the  work  done,  would  it  be  often  necessary, 
since  the  chemical  solution  of  mineral  matter  is  perhaps  more  frequently 
than  not  the  consequence  of  the  mechanical  erosion  of  it  by  the  water. 

Sir  C.  Lyell,  in  his  Principles^  gives  the  following  as  the  results  of 
various  observations : — 

The  total  mineral  matter  carried  down  by  the  Ganges  into  the  sea, 
according  to  Everest,  is  6,368,077,440  cubic  feet  per  annum.  Lyell 
says,  that  for  the  transport  of  this  quantity,  it  would  require  a  fleet  of 
2000  Indiamen,  each  of  1 400  tons,  to  start  every  day  throughout  the 
year.  Such  a  mass  of  matter  would  cover  a  square  space  1 5  miles  in 
the  side  every  year  \idth  mud  a  foot  deep,  or  would  raise  the  whole 
surface  of  Ireland  one  foot  in  the  space  of  144  years.  The  Brahma- 
pootra probably  carries  an  equal  quantity. 

Mr.  Barrow  calculated  that  the  Yellow  River  (Hoang  Ho)  in  China, 
carried  down  into  the  Yellow  Sea  48,000,000  of  cubic  feet  of  earth 
daily ^  so  that,  assuming  the  Yellow  Sea  to  be  120  feet  deep,  an  English 
square  mile  might  be  converted  into  dry  land  every  seventy  days, 
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and  supposing  its  area  to  be  125,000  square  milcR,  the  whole  would 
be  made  into  terra  fiima  in  24,000  years.  Acconling  to  Dr.  Riddell, 
the  solid  matter  contained  in  the  Mississippi  is  about  80  parts  in  the 
100,000  of  water  by  weight,  or  about  33  by  volume  ;  and  Sir  C.  Lyell 
ealcolates  that  it  brings  down  3,702,758,400  cubic  feet  annually,  and 
that  the  present  delta  has  requireil  67,000  years  for  its  formation. 

If  we  turn  to  the  European  rivers,  Bischof,  in  his  Chemical  and 
Physical  Geology  (vol.  L,  chapter  81)  states  that  Chandellon,  by  doily 
experiments  during  December  1849,  found  in  the  Maes,  at  Liege,  a 
TnaTifntiin  of  47.4  parts  of  suspeudcd  matter  alone,  a  minimum  of  1.4, 
and  a  mean  of  10  parts,  in  the  100,000  of  water. 

In  the  Rhine,  at  Bonn,  Mr.  Leonard  Homer  found,  August  1833, 
when  it  was  unusually  low  and  turbid,  31.02  of  suspended  and  dissolved 
matter,  and  in  November,  when  swollen,  5 1.45.  Bischof  foimd  in  March 
1851,  20.5  of  suspended  matter  alone,  and  at  another  time,  when  it 
was  clear,  only  1.73  of  such  ports  ;  wHle  Stiefensond,  near  Uerdingen, 
after  a  flood,  found  78  parts  of  euspended  matter  in  the  100,000  of 
w^ater. 

In  the  Danube,  August  5,  1852,  there  were  found  9.23  of  sus- 
pended, and  14.14  of  dissolved  matter,  total  solids  23.37  in  the 
100.000;  while  in  the  Elbe  at  Hamburgli,  there  were  in  June  1852 
only  found  0.9  of  suspended,  and  1 2.7  of  dissolved  matter. 

In  these  experiments  much  depends  on  tlie  state  of  the  river,  and 
also  on  the  port  of  the  river  where  the  wat<^r  is  token  from,  whether 
far  from  the  bonk,  at  the  surface,  or  near  the  bottom,  and  so  on. 

Formation  of  Deltas. — We  may  also  in  many  cases  estimate  the  amount 
of  work  done  by  a  river,  from  the  size  of  tlie  delta  or  flat  land  formed 
at  its  mouth.  If  we  follow  the  course  of  any  river  from  its  source  to 
it^  termination,  we  perceive  that  the  size  of  the  river  and  tlie  volimie 
of  water  it  contains  is  continually  increased  by  the  accession  of  tribu- 
tary streoms  now  on  one  side  tmd  now  another.  No  stream  ever  flows 
out  of  o  river,  nor  does  the  river  ever  di\4de  into  two  streams,  except 
for  o  .short  distonce  where  o  comparatively  small  island  may  have  been 
formed  in  some  flot  port  of  its  bed.  When,  however,  we  follow  a  river 
down  to  a  low  flat  coimtry  on  its  approach  to  a  lake,  or  to  a  part  of  the 
sea  at  the  head  of  o  boy  or  j^ulf,  or  where  no  oceanic  cum»nts  sweep 
across  its  mouth,  or  where  from  any  circumstances  the  sediment  brought 
down  is  more  than  con  be  carriwl  away  into  deep  watt*r,  we  then  find 
the  river  split  up  into  two  or  more  branches  by  the  formation  of  a  delta. 

In  the  delta  part  of  a  river  an  entire  c.hanj^e  takes  jdace  in  its 
nature  ;  instead  of  continually  receiving  fresh  accessions  of  water,  and 
HO  becoming  larger  and  largiT  ;  the  river  now  splits  into  smaller  and 
•*mAller  chaimels.     In  the  \\\)\}\iv  piuts,  fresh  accessions  of  earthy  mat- 
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ter  are  brought  into  it,  but  now  it  begins  to  deposit  the  sediment  it 
contains. 

In  fact,  the  river  properly  ceases  at  the  head  of  the  delta,  where  its 
mouth  originally  was,  and  its  water  merely  finds  its  way  out  into  the 
lake  or  sea  below  in  the  best  fashion  it  can  through  the  mud  with  which 
it  has  choaked  its  own  mouth. 

The  Rhine  when  it  enters  Holland  is  in  fact  lost  in  a  great  deltoid 
Hat  among  a  number  of  bifurcating  channels,  in  which  its  waters  are 
mingled  with  those  of  the  Meuse,  the  Sambre,  and  a  number  of  other 
rivers,  such  as  the  Scheldt,  which  have  all  contributed  to  produce  the 
low  marshy  ground  that  skirts  the  coasts  of  Belgium,  and  forms  nearly 
the  whole  of  the  Netherlands. 

So  obviously  is  the  delta  of  the  Nile  the  production  of  that  river, 
that  Herodotus  remarked  that  ''  £^ypt  was  the  gift  of  the  Nile,"  and 
that  the  sea  probably  once  flowed  up  to  Memphis,  now  more  than  100 
miles  from  the  coast-line,  the  old  gulf  having  been  filled  up  by  the  Nile 
mud  as  the  Red  Sea  would  be  filled  up  if  the  Nile  were  turned  into  it. 
The  edge  of  the  present  delta,  which  is  1 50  miles  wide,  is,  however,  now 
swept  by  a  powerful  current,  which  carries  off  all  detritus  delivered 
into  it,  and  thus  future  increase  is  prevented.  Otherwise  the  Nile 
Avould  by  this  time  have  formed  a  long  tongue  of  land  projecting  into 
the  Mediterranean,  just  as  the  Mississippi  has  projected  a  tongue  of  land 
60  or  60  miles  long  into  the  Gulf  of  Mexico,  having  previously  filled 
up  the  inlet  which  formerly  penetrated  from  that  sea  deeply  into  North 
America,  and  received  the  rivers  more  than  100  miles  inland  from  the 
present  coast. — (LyelVs  Principles) 

The  (Gauges  first  bifurcates  at  a  distance  of  220  miles  from  the  pre- 
sent coast,  and  the  river  may  be  said,  like  the  Rhine  on  entering  Hol- 
land, properly  to  terminate  there,  for  below  that  it  splits  into  numerous 
channels  among  marshy  ground,  which  it  has  formed  in  conjunction 
with  the  Brahmapootra  and  other  rivers.  This  muddy  flat  stretches 
for  260  miles  along  the  head  of  the  Bay  of  BengaL 

Dr.  Hooker  in  his  description  of  this  district  (Him.  Journals,  voL  ii., 
p.  341),  says,  speaking  of  its  eastern  border,  "  The  mainland  of  Noacolly 
is  gradually  extending  seawards,  and  has  advanced  four  miles  within 
twenty-three  years  ;  this  seems  sufficiently  accounted  for  by  the  reces- 
sion of  the  Megna  ^  (a  name  for  the  main  branch  of  the  BraJmiapootra). 
^  The  elevation  of  the  surface  of  the  land  is  caused  by  the  overwhelm- 
ing tides  and  north-west  hurricanes  in  May  and  October  ;  these  extend 
thirty  miles  north  and  south  of  Chittagong,  and  carry  the  waters  of  the 
Ibgiia  and  Fenny  back  over  the  land  in  a  series  of  tremendous  waves 
tfcit  oov«r  idaiidB  of  many  hundred  acres,  and  roll  three  miles  into  the 
Oa  dieM  oocattonii  the  average  earthy  deposit  of  silt  sepa- 
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rated  by  micaceous  sand  is  aii  eighth  of  a  mile  for  ever}-  tide,  but  in 
October  1848  these  tides  covered  Suudeep  island,  de]X)sitcil  ^$ix  inches 
on  its  level  sur£ace,  and  filled  up  with  mud  ditchcH  several  feet  dee])/* 

The  bifurcations  of  the  Bi-ahmapootra  commence  even  further  from 
tbe  sea  than  those  of  the  Gan^^s,  and  there  is  a  great  Hat  of  more  than 
100  miles  in  width  between  the  two,  in  which  a  number  of  lesser 
streams  proceeding  dii-ectly  from  tlie  southern  slopes  of  the  Himalayas 
likewise  bifurcate,  some  of  them  beginning  to  do  so  at  300  miles  fn^iii 
the  sea-coast.  It  would  apixiar,  therefore,  that  we  have  here  a  vast 
river-deltoid  deposit,  covering  an  area  of  something  like  60  or  C(),0()(> 
iquare  miles,  or  more  than  that  of  England  and  Wales. 

Sir  C.  Lyell  (Principles,  chapter  19)  tells  us  that  an  Artesiiui  well, 
481  feet  deep,  was  bored  at  Calcutta,  of  which  the  upper  400  feet  at 
least  may  be  stated  as  river  deposit,  although  giving  evidence  at  one  or 
two  places  of  the  land  having  formerly  been  at  a  higher  level,  and  the 
river  therefore  having  brought  coarser  materials  than  now. 

Large  and  thick  as  this  great  mass  of  mere  river  washing  may 
appear,  it  does  not  represent  the  whole  qimntity  brought  down,  8ince 
we  learn  from  Lyell  that  outside  the  part  which  may  be  called  actually 
land,  there  is  a  gradual  slope  out  to  sea  of  more  tlian  1 OU  miles — tlie 
water  slowly  and  regularly  deepening  from  4  to  60  fathoms.  In  the 
centre  of  this  submarine  slo^x;,  ttnj,  is  a  deep  hole  about  15  miles  across, 
called  "  the  swatch  of  no  ground,"  in  which  no  bottom  is  found  with 
100,  or  even  130  fathoms  of  line,  giving  us  apparently  a  measiu*e  of 
the  depth  the  water  would  have  had  over  the  whole  neighbouring  space 
if  it  had  not  been  for  the  mud  brought  do\ni  by  the  river. 

The  great  rivers,  however,  which  do  not  block  up  their  own  mouths 
with  a  delta,  do  not  the  less  on  that  account  carry  down  sediment  into 
the  sea.  The  Rio  Plata  and  the  Amazon  have  their  mouths  probably 
swept  cleim,  partly  by  tlie  force  of  their  own  current  carrying  out  the 
d*itritus  into  deep  water,  and  partly  by  the  oceanic  currents  which  travel 
past  their  mouths  aiding  them  in  tliis  transport.  The  river  St.  Law- 
rence is  greatly  stnuned  of  sediment  by  liaving  to  jmiss  thi(jugh  the 
large  lakes  which  it  must  first  fill  up  and  convert  into  dry  land  before 
it  can  begin  to  form  a  delta  at  its  moutlL 

The  Thames  and  Severn,  and  other  smaller  rivers  of  our  own  islan(Ls 
and  other  parts  of  the  world,  fall  into  the  tidal  waters  with  too  short 
and  too  rapid  a  slope  to  commence  the  formation  of  a  regular  delta, 
the  falling  tide  helping  the  river  flow  to  scour  out  the  embouchures, 
although  many  large  sandbanks  are  dei)osited  about  tlie  mouths  ol'  siu'h 
rivers,  the  materials  of  which  have  been  brought  down  by  them. 

The  set  of  the  currents  in  the  German  Ocean  seems  to  be  direct4.Hl 
from  the  Continental  and  against  the  English  shores  ;  but  where  any 
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part  of  the  latter  is  protected  from  the  sweep  of  those  currents,  as  in  the 
deep  bight  called  the  Wash  between  Norfolk  and  Lincolnshire,  there  the 
rivers  make  a  deltoid  flat  or  great  marsh,  scarcely  above  the  level  of 
the  sea.  Such  are  "  the  fens  '*  of  Cambridge  and  Lincoln,  a  tract  of 
about  2000  square  miles,  the  product  of  the  rivers  "Witham,  "Welland, 
Nen,  Ouse,  Cam,  and  others. 

In  the  tropics  these  fens  would  have  a  huge  mangrove  swamp  along 
their  seaward  edge,  while  inside  that  there  would  be  a  jungle  like  the 
Sunderbunds  of  the  Gangetic  delta. 

Trangport  of  Matter  by  the  OceatL — ^The  same  reasoning  just  now 
applied  to  the  place  of  deposit  of  the  earthy  materials  derived  from 
rivers  is  equally  applicable  to  the  mud  and  sand  washed  from  all  coasts 
by  the  erosive  action  of  the  breakers,  which  may  be  carried  out  by  tides 
and  currents  far  from  the  land,  wherever  the  materials  are  fine  enough 
to  be  held  long  in  suspension,  and  the  currents  swift  enough  to  move 
far  in  that  time. 

The  current  that  sweeps  roimd  the  extremity  of  Africa  from  the 
Indian  Ocean  to  the  Atlantic,  is  at  once  distinguishable  by  its  dirty 
olive  green  colour  from  the  deep  blue  of  the  pure  ocean  water,  even  in 
a  depth  of  100  fathoms,  and  out  of  sight  of  land.  Small  pebbles  were 
brought  up  from  that  depth  by  the  lead  in  H.M.S.  Fly ;  and  the  change 
of  colour  in  the  water  can  hardly  be  due  to  any  other  source  than  the 
presence  of  minutely  divided  mineral  matter  held  in  suspension  by  the 
water. 

Among  coral  reefs,  where  there  is  no  mechanically  suspended 
matter  in  the  water,  it  is  of  crystalline  clearness,  and  deep  blue  colour, 
even  in  such  small  depths  as  fifteen  and  twenty  fathoms,  and  it  is  only 
on  shoals  of  less  than  ten  fathoms  where  the  white  or  yellow  bottom 
begins  to  appear  through  the  water,  that  a  green  tint  appears  which 
becomes  plainly  visible,  even  at  a  distance  of  one  or  two  miles,  when 
the  water  shoals  to  four  or  five  fathoms.  This,  however,  is  a  bright 
grass  green,  very  different  from  the  dull  green  of  the  Agiilhafl  current 
and  our  own  and  other  shallow  seas. 

Similar  differences  in  the  colour  of  the  sea,  arising  from  the  same 
cause,  may  be  seen  on  our  own  coasts.  The  sea  on  the  west  coasts  of 
Ireland  and  Scotland,  where  the  current  sets  upon  the  land  from  the 
gulf  stream,  is  the  deep  clear  ocean  blue,  even  in  the  bays  and  harbours, 
and  is  very  different  from  the  dirty  green  water  of  the  English  Channel, 
the  Irish  Sea,  or  the  German  Ocean,  which  has  become  loaded  with 
matter  from  the  washing  of  our  coasts  and  rivers.  This  difference  may 
be  seen  on  the  small  scale  in  the  bays  of  the  western  coasts.  I  have 
olten  been  struck  with  the  appearance  of  Bantry  Bay  after  a  day'ft 
storm  and  rain,  when  a  margin  of  green  discoloured  water  may  be  seen 
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pTt^niling  some  half  mile  in  width  all  round  the  shores,  singularly  con- 
trasted with  the  bright  blue  water  of  the  bay.  In  dry  calm  weather, 
there  is  no  discoloured  maigin  ;  and  the  general  bluenesH  of  the  water 
is  not  affected  by  the  bottom,  which  inclines  veiy  gradually  and  regu- 
larly from  five  or  six  fiEithoms  at  the  head  of  the  bay,  to  about  twenty- 
five  at  its  mouth,  and  consists  of  a  fine-grained  silt,  principally  composed 
of  broken  corallines  and  shells. 

I  had  occasion  once  to  cross  Kenmare  Bay  between  Collorus  and 
Sneem  the  day  after  a  tremendous  storm,  when  these  appearances  were 
singnlarly  well  marked.  In  the  centre  and  lower  part  of  this  long 
and  beautiful  inlet  the  water  was  still  blue  and  clear,  but  all  round  its 
head  and  along  its  sides  the  colour  of  the  water  was  greenish  yellow. 
The  boundary  between  the  two  kinds  of  water  was  perfectly  well  defined, 
80  that  it  could  be  seen  from  a  boat  a  quarter  of  a  mile  ahead,  and  the 
moment  observed  in  which  the  boat  passed  from  one  kind  of  wat^r  to 
the  other.  The  dirty  water  appeared  to  be  slowly  travelling  down 
with  the  receding  tide  toward  the  mouth  of  the  inlet. 

This  discolouration  of  the  water,  then,  is  due  to  nothing  else  than 
the  washing  of  the  land  during  heavy  rains  and  stomis,  proceeding 
either  directly  from  the  cliiFs  or  from  the  numberless  little  brooks  and 
rivers,  and  must  exist  under  the  same  circumstances  round  all  landi«. 
No  small  amount  of  earthy  matter  in  thus  aunuidly  conveyed  into  the 
sea,  swept  oif  l)y  its  currents,  and  deposited  somewhere  in  its  bed. 

The  natural  colour  of  perfectly  clear  pure  water  seems,  as  ()hHer\'e<l 
by  Professor  James  Forbes,  to  be  blue.  All  green  Avater,  or  water  of 
any  other  colour  than  blue,  however  clear  it  may  look  in  a  gliuss,  never- 
theless contains  impurities. 

The  materials  derived  from  the  land,  either  by  river  or  sea  action, 
are  carried  to  greater  or  less  distances  acc<jrding  to  their  finenos.s.  In 
the  Irish  sea,  according  to  the  Ailniiralty  charts,  sand  alone  is  to  be 
found  within  some  miles  of  the  shore,  while,  in  the  central  and  deeper 
parts,  the  bottom  is  formed  of  mud.  There  are  tAvo  centml  nuul- 
belts  in  the  northern  part,  one  on  each  side  of  the  Isle  of  Man,  the  one 
running  towards  the  Solway,  and  the  other  continuing  into  the  C'lyde 
mouth. 

In  the  English  Cliannel  there  is  nothing  to  be  found  but  sand,  with 
or  without  gravel  or  stones  ;  but  opposite  to  the  entrance  of  the  Bristol 
Cliannel,  and  in  the  deeper  water  south  of  Ireland  and  west  of  the 
Scilly  Islands,  there  are  large  deposits  of  mud  surrounded  by  sand,  the 
mud  continued  in  narrow  arms,  which  stretch  out  into  the  Atlantic, 
where  it  apparently  blends  with  oaze  that  may  probably  be  of  or^^anic 
origin.  In  the  German  Ocean,  in  like  manner,  mud  is  found  only  in 
the  central  and  deeper  parts,  between  Demuark  and  the  D(»^ger  Lank, 
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and  in  the  mouth  of  the  Baltic,  between  Denmark  and  Nom^ay,  all  the 
seas  within  some  miles  of  the  shore  having  a  sandy  bottom. 

Off  the  west  coast  of  Ireland  there  are  some  tracts  of  bare  rock, 
some  of  sand,  and  some  of  mud,  at  the  bottom  of  the  sea.  Some  of 
the  charts  which  I  have  recently  coloured  according  to  the  nature  of 
the  bottom,  are  highly  instructive,  as  shewing  the  way  in  which  these 
mechxmically  derived  materials  are  deposited  in  our  present  seas. 

Remits. — It  results  from  even  such  a  hasty  and  rapid  t;lance  as  we 
have  just  thrown  over  the  principal  mechanical  powers  of  moving  wat^r 
that  are  daily  and  hourly  at  work  aroimd  us,  that  we  begin  to  acquire  the 
notion  that  we  are  living  in  a  vast  workshop,  and  that  all  the  earthy 
matters  we  see  about  us,  the  mud,  the  clay,  the  soil,  the  dust,  the  sand, 
the  gravel,  and  the  boulders,  are  only  so  much  raw  material  in  process 
of  manipulation.  They  may  be  likened  to  the  refuse  and  the  chips  of 
some  vast  manufactory.  They  are  the  building  materials  of  stratified 
rocks,  which  are  being  carried  from  the  quarry  to  the  place  of  construc- 
tion, much  being  dropped  and  scattered  by  the  way.  Every  pebble, 
every  grain  of  sand,  every  atom  of  mud,  is  a  fragment  of  a  pre-existing 
rock,  removed  at  some  period  of  past  time,  and  destined  ultimately  to 
enter  into  the  structure  of  some  other  rock  in  the  future. 

This  building  metaphor  might  be  carried  still  farther  when  wc 
come  to  speak  of  the  chemically  formed  rocks,  since  many  of  the 
mechanical  deposits  are  bound  together  by  cements  and  mortars  which 
are  more  or  less  identical  in  composition  with  those  used  in  architecture. 


Description  op  Mechanically-Formed  Rockb. 

61.  Conglomerate^  Fuddmffstcme,  Breccia, — In  the  preceding  pages, 
we  have  mentioned  the  method  of  formation  of  pebbles,  gravel,  and 
shingle,  in  rivers  and  along  sea-coasts.  When  those  materials  are  com- 
pacted together  into  stone,  they  are  called  conglomerate  or  pudding- 
stone  if  the  pebbles  are  round,  breccia  if  the  fragments  are  sharp  and 
angular. 

The  pebbles  may  consist  of  any  substance  whatever  ;  but  they  are 
most  commonly  composed  either  of  quartz,  quartz  rock,  or  some  very 
siliceous  mineral  lliis  is  partly  the  result  of  the  greater  abundance  of 
siliceous  over  other  mineral  matters  in  the  composition  of  rock  gene- 
rally ;  but  it  also  arises  from  the  greater  durability  of  quartzose  sub- 
stances, and  from  their  mode  of  fracture.  Pure  silica,  or  highly  siliceous 
minerals,  are  not  so  easily  dissolved  by  water,  or  by  any  other  commonly 
occurring  solvent,  as  those  which  contain  lime  or  other  earths  and  alka- 
lies.    On  the  other  hand,  quartz  and  quartz  rock,  and  similar  substances, 
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tfaofugh  yeiy  hazd,  axe  often  rather  brittle  ;  and  they  break  into  squarish 
or  cubical  lamps,  rather  than  into  plates  or  slabs.  These  squarish 
Imnpa  are  soon  converted  by  motion  in  water,  and  the  consequent 
lonnding  of  their  angles,  into  more  or  less  globular  pebbles,  and  are 
therefore  set  in  motion  with  GomjMuative  facility. 

Henoe  it  results  that,  by  ^  conglomerate**  alone  we  usually  under- 
stand a  mass  of  quaiti  pebbles  bedded  in  quartzose  sand,  and  that  when 
the  pebbles  consist  of  limestone  or  of  trap,  of  slate,  schist,  or  other  rock, 
the  lock  is  spoken  of  as  calcareous  or  trappeon  conglomerate,  etc 

The  degree  of  induration  or  consolidation  in  conglomerates  varies 
greatly.  Some  seem  to  have  been  consolidated  by  simple  pressure  ; 
and  from  these  the  pebbles  may  often  be  removed  by  a  slight  blow  with 
the  hammer,  or  even  by  the  knife,  the  form  or  mould  of  the  pebble 
remaining  in  the  little  film  of  sand  which  fills  up  all  the  interstices 
between  the  larger  fragments.  Sometimes  the  conglomerate  has  been 
bound  or  cemented  together  by  calcareous,  ferruginous,  or  siliceous 
infiltrations,  the  matrix  in  which  the  pebbles  lie  being  as  hard  and 
indestructible  as  the  pebbles  themselves,  a  blow  with  a  hammer  break- 
ing the  pebbles  as  easily  as  the  moss  of  the  rock  in  which  tliey  are 
embedded. 

The  size  of  the  fiiigmeuts  in  conglomerates  and  breccias  varies 
greatly.  In  some  rarer  cases,  blocks  of  as  mudi  as  two  feet  in  diameter 
occur ;  but  the  more  ordinary  sizes  are  from  that  of  a  man's  head  to 
that  of  walnuts.  Below  that  size,  the  rock  begins  to  pass  into  tlie 
coarser  varieties  of  sandstone. 

52.  Sandstone  and  Oriutone, — Tlie  remarks  as  to  the  usually  quartz- 
ose character  of  conglomerattts  hold  good  also  with  respect  to  sandstones. 
The  very  process  by  which  fi-agments  of  rock  ore  rounded  produces 
sand,  as  the  waste  resulting  from  their  attrition.  Pebbles  themselves 
also  are  gradually  broken  or  diminished  into  grains  of  sand. 

Sandstone  is  nothing  else  but  sand,  compacted  into  solid  stone. 
The  grains,  both  of  sand  and  sandstone,  generally  consist  of  qiuirtz, 
sometimes  clear  and  colourless,  sometimes  dull  white,  sometimes  yellow, 
brown,  red,  or  green.  The  red  colours  are  usually  the  result  of  the 
covering  of  each  little  groin  with  peroxide  of  iron,  which  sometimes 
acts  as  a  cement  to  the  stone,  serving  to  bind  the  particles  together. 
The  green  colours  are  commonly  derived  from  silicate  of  iron  ;  and  the 
green  and  red  are  often  intermingled,  in  consequence  of  the  change  of 
the  iron  from  the  condition  of  a  silicate  to  that  of  a  peroxide. 

The  size  of  the  grains  varies  from  that  of  a  pea  to  the  minutest 
particle  visible  to  the  naked  eye,  many  sandstones  and  gritst<)ncs  even 
re<iuiriiig  a  lens  in  order  to  distinguish  the  particles  of  which  they  are 
composed. 
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The  materials  are  also  variouB,  as,  along  with  grains  of  quartz,  may 
occur  grains  and  particles  of  any  mineral  substance  whatever. 

Feldspathic  SatuUtane, — Grains  of  feldspar,  distinguishable  by  their 
dull  white  colour  and  peculiar  appearance,  occur  abundantly  in  some 
sandstones,  which  may  then  be  called  feldspathic  sandstones. 

Micaceous  Sandstone. — ^Flakes  and  spangles  of  mica  are  rarely  alto- 
gether absent ;  and  in  many  sandstones  they  occur  so  abundantly,  and 
in  such  regular  seams,  as  to  cause  the  rock  surfaces  to  glitter,  and  the 
rock  itself  often  to  split  into  thin  plates  and  slabs.  'Diese  are  called 
micaceotis  sandstones. 

Calcareous  Sandstone, — When  grains  of  limestone  occur  in  any 
remarkable  proportion,  the  rock  may  be  called  a  calcareous  sandstone^ 
though  this  designation  is  often  applied  to  sandstones  the  quartzose  or 
other  grains  of  which  are  boimd  together  by  a  cement  of  carbonate  of 
lime,  either  invisible  to  the  eye  or  occurring  as  a  network  of  little  veins 
and  strings  of  crystalline  carbonate  of  lime  running  throughout  the 
stone. 

Calcareous  sandstones  are  often  called  comstones,  and  the  amount  of 
calcareous  matter  is  sometimes  so  great  as  to  cause  them  to  pass  into 
actual  limestone. 

The  weathered  surface  of  a  comstone  or  calcareous  sandstone  is 
often  curiously  rotten  and  soft,  and  of  a  dark  brown  colour,  the  disin- 
tegration of  the  rock  being  due  to  the  solution  and  removal  of  the 
carbonate  of  lime,  and  its  dark  colour  to  the  peroxidation  of  the  iron 
contained  in  it 

ArgillaceoiLS  Sandstone  is  a  term  not  often  used,  nor  is  it  very  often 
applicable,  though  many  rocks  contain  various  mixtures  of  sand  and 
clay.  In  some  sandstones,  little  flat  rounded  patches  of  clay,  more  or  less 
indurated,  occur.  Similar  little  patches  of  clay  may  be  seen  on  sandy 
shores,  either  originally  deix)8ited  there  in  little  hoUows,  or  roUed  as 
clay  pebbles  from  some  bed  of  clay.  In  quanying  sandstone,  these 
clay  patches  are  commonly  called  "  galls  ^  by  the  workmen.  In  highly 
indurated  grits,  they  sometitnes  assume  the  form  of  pebbles  of  slate, 
though  the  slaty  appearance  may  often  have  been  acquired  from  the 
subsequent  induration,  and  not  before  they  were  embedded  in  the  sand- 
stone. These  patches  of  clay  or  apparent  fragments  of  slate,  sometimes 
give  to  the  rock  the  appearance  of  a  breccia,  composed  of  pieces  of  hard 
slaty  rocks  embedded  in  sandstone. 

Pseudo-crystalline  Sandstone, — ^Among  sandstones  derived  from  hard 
crystalline  igneous  rocks,  it  may  sometimes  not  be  easy,  at  first  sight, 
to  distinguish  between  the  sandstones  and  the  rocks  from  which  they 
are  derived.  If  the  crystals  of  the  one,  after  being  disint^;rated,  become 
compacted  together  again  before  their  angles  are  much  worn,  and  retain 
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undiminished  the  lustre  of  some  of  their  facets,  and  the  sandstone  or 
gritstone  thus  composed  be  very  hard  and  intractable,  pieces  of  it  might 
easily  pass  for  an  actual  igneous  rock.  In  most  cases,  however,  the 
particles  of  the  trap  rock  arc  much  decomposed  before  they  enter  into 
the  composition  of  the  sandstones ;  and  the  only  mistake  that  could 
then  be  made  between  them  would  result  from  a  hasty  glance  at  the 
weathered  sur&ces  of  the  two. 

Trappean  Sandstones,  or  volcanic  Orits,  composed  of  particles  derived 
firam  the  decomposition  of  greenstones  and  basalts,  consists  principally 
of  grains  of  feldspar  and  hornblende,  which  have  commonly  lost  all 
their  external  crystalline  appearance.  Quartzose  grains  and  mica  flakes 
derived  from  other  sources  are,  however,  often  mingled  with  those 
sabstanoes  in  such  sandstones,  and  serve,  even  in  the  most  crystalline- 
looking  varieties,  to  distinguish  them  from  tmp  rocks. 

The  difference  between  a  "  trai)pean  or  volcanic  ash,"  and  a  "  trap- 
pean  or  volcanic  sandstone,**  consists  in  this,  that  the  materials  of  the 
ash  were  derived  from  the  igneous  outburst,  and  were  deposited  at  tlie 
flame  time  with  the  trap  or  lava  from  which  they  were  derived,  or 
immediately  before  or  after  that  wjis  iMnin^d  out ;  whereas  the  trapi)eau 
sandstone  is  merely  the  result  of  tlie  abrjision  and  erosion  of  an  igneous 
rock  at  Home  long  subsequent  j)eriotl,  when  it  became  exposed  to  the 
a<:tion  of  moving  water,  together  with  the  other  rocks  among  which  it 
lies. 

In  some  cases  doubtless,  it  may  happen  that  "  trapjxfan  sandstones," 
t>r  "volcanic  grit^,**  put  on  the  aj>i)earance  of  trapi>ean  or  volcanic 
*•  ashes  ;"  and  it  would  tlien  be  impossible  to  distinguish  between 
the  two  kinds  of  rock,  and  say  which  accomi)aiiied  the  igneous 
outburst,  and  which  was  derivt^d  from  the  subsej^uent  abnu<ion  of  the 
cooled  igneous  rock.  Tliese  instances,  however,  are  more  rare  than 
they  might  be  supposed  to  be. 

Distinction  betireen  Sandstone  and  Gritstone. — Tlie  difference  between 
sandstone  and  gritstone  is  a  vague  and  indeterminate  one,  which  must 
necessarily  be  the  case  when  the  things  themselves  are  so  various  and 
i»ften  capricious  in  composition  and  texture.  The  tenn  gritstone  is 
perhaps  most  applicable  to  the  hanler  sandstones,  which  consist  most 
entirely  of  grains  of  <j[uartz,  most  tinnly  comi)acted  together  by  the  most 
purely  siliceous  cement.  The  angularity  of  the  particles  cannot  be 
taken  as  a  character,  since  the  rock  commonly  called  "  millstone  grit " 
is  generally  composed  of  perfectly  round  grains,  sometimes  as  large  as 
jH-as,  and  even  larger  ;  the  stone  then  conmiencing  to  jmiss  into  a  con- 
glomenit(». 

L^xal  Terms. — Tin* re  are  many  local  terms  used  by  (quarry men  and 
miners  for  different  varieties  of  sandstones  : 
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Rock  is  used  generally  to  denote  any  hard  sandstone. 

Rotch^  or  rociuf  is  generally  used  for  a  softer  and  more  friable  stone. 

Ruhhle  is  rough  angular  gravel,  either  loose  or  compacted  into  stone. 

Hazel  is  a  north  of  England  term^for  a  hard  grit. 

Post  is  a  northern  term  for  any  bed  of  firm  rock,  generally  sandstone. 

Peldon  is  a  South  Staffordshire  term  for  a  hard,  smooth,  flinty  grit. 

Calliardy*  or  galliardj  is  a  northern  term  for  a  similar  rock. 

Catsbrain,  the  form  of  calcareous  sandstone  in  which  the  rock  is  tni- 
Versed  by  little  branching  veins  of  carbonate  of  lime. 

Freestone  is  a  term  in  general  use,  which  is  often  applied  to  sandstone, 
but  sometimes  to  limestones,  and  even  to  granite,  as  in  the  counties 
of  Dublin  and  Wicklow.  It  means  any  stone  which  works  equally 
freely  in  every  direction,  or  has  no  tendency  to  split  in  one  direc- 
tion more  than  another. 

Flagstone^  on  the  contrary,  means  a  stone  which  splits  more  freely  in 
one  direction  than  any  other,  that  direction  being  along  the 
original  lines  of  deposition  of  the  rock.  These  stones  are  ordinarily 
sandstones,  though  often  very  argillaceous,  and  some  flagstones  are 
perhaps  rather  indurated  clay  in  thin  beds  than  sandstone.  Thin- 
bedded  limestones  may  likewise  often  be  called  flagstone. 
Consolidation   of  Sandstone. — Sandstone,   like   conglomerate,   may 

have  been  consolidated  either  by  simple  pressure  continued  for  a  long 

period  of  time,  by  pressure  combined  with  an  elevation  of  temperature, 

by  the  infiltration  of  mineral  matter  in  solution,  or  by  the  partial  fusion 

or  solution,   and  subsequent  reconsolidation  of  some  of  the  particles 

composing  it,  or  lastly,  by  a  combination  of  two  or  more  of  these 

actions. 

Some  of  the  loose  tertiary  t  sands  of  the  north  of  France,  such  as 

*  Mr.  Page,  in  his  Advanced  Text -book,  which  on  several  accounts  is  well  worthy  of  the 
student's  peru»al,  op]K)8e8  the  introduction  of  these  local  terms.  I  would,  on  the  contrary, 
recommend  their  wider  and  more  general  use,  not  only  as  facilitating  the  Intercourse 
between  scientific  geologists  and  our  working  brethren  of  the  hammer,  but  as  being  often 
in  themselves  more  definite  and  precise  in  their  shades  of  meaning,  as  well  as  shorter,  than 
our  cumbrous  periphrases  of  Latin  terms.  Many  good,  short,  clear,  and  genuine  Saxon 
names  for  natural  objects,  have  been  most  unadvisedly  allowed  to  fall  into  desuetude.  As 
an  instance,  wo  need  only  mention  the  following  for  forms  of  ground : — 

Scar  or  Sontir,  A  long  line  of  cliff. 

TorTy  A  rocky  pinnacle. 

Loftoe,  A  round  bare  hiU,— the  Welsh  moel. 

Cleugh,  A  roundish  mountain  glen,  the  termination  surrounded  by  st^ep  hills. 

Strath,  The  alluvial  flat  in  the  bottom  of  a  valley. 

FeU,  A  flat  topped  range  of  hills,  whether  a  ridge,  or  the  edge  of  a  table-hind. 

Tom,  A  hike  In  a  cleugh. 

t  The  term  "  tertiary,"  is  one  that  will  be  explained  hereafter,  it  relates  to  the  period  at 
Which  the  rock  was  fonned,  and  baa  no  refeienoe  to  the  quaUty  or  nature  of  the  rock. 
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Hw  SUble  de  YovMoMBKif  and  the  Sable  de  Beauchampy  exhibit  these 
actions  in  a  Teiy  lenuokaUe  way. 

The  Sable  de  Fontaiiiebleau  is  a  pure  white  siliceous  sand.  It  is 
eovered  in  aome  plaoes  by  beds  of  a  freshwater  limestone  called  the 
Oaloaxte  de  Beaoce.  Water  containing  carbonate  of  lime  in  solution, 
denved  eitlier  from  this  limestone,  or  from  other  sources,  percolates 
Ihniii^  the  iBDdy  and  deposits  the  lime,  binding  the  sand  either  into 
^fllndaroancietionsy  or  even  into  rhombohedral  oystals,  such  as  carbonate 
cf  lime  oidinaiilT  fonus.  Besides  these  smaller  concretions,  other  laige 
pffta  of  the  aand  have  been  compacted  together,  either  at  the  time  of 
'dapoaitian,  or  mboequentij,  into  a  very  hard  white  gritstone,  which  is 
odtenaive^  used  as  a  paving  stone  in  the  districts  where  it  occurs. 
nia  CMa  de  Fontainebleau  fonns  picturesque  crags  and  precipices,  all 
tiie  more  striking  periiaps,  from  their  contrast  with  the  loose  and  easily 
nmoved  sand  in  which  the  beds  and  other  irregularly  fonned  masses 
of  the  eonaolidated  rock  occur.  The  cementing  substance  of  this  sand- 
alone  18  not  always  carixmate  of  Ume,  since  in  some  cases  the  quartzose 
liaise  appear  to  be  bound  together  by  a  siliceous  cement,  as  if  the  per- 
colating water  had  contained  dissolved  silica.  This  is  obviously  the 
case  in  one  variety,  a  glittering  rock  being  produced,  greatly  resembling 
ordinary  quartrite,  only  more  white  and  lustrous ;  this  variety  is  called 
**  gres  lusla^,"  or  lustrous  grit. 

The  Qiks  de  Beauchamp  consists  of  similar  locally  consolidated  and 
semi-concretionary  lumps  of  sandstone,  occurring  here  and  there  in 
loose  sand.  On  the  plains  north  of  Meulan,  these  lumps  of  gritstone 
are  discovered  by  *'  sounding  "  or  piercing  the  loose  sands  with  an  iron 
rod,  and  they  are  then  extracted  and  broken  into  s([uare  blocks,  and 
used  for  forming  the  roods  of  the  country. 

These  tertiary  grits  are  often  as  hard  and  intractable,  and  break 
with  as  splintery  a  fracture  under  the  hammer  of  the  geologist,  as  the 
grits  he  is  accustomed  to  meet  with  among  the  oldest  rocks  of  the 
British  moimtains. 

Oradatwns  from  Sandstone  into  Clay, — ^When  among  the  materials 
of  a  sandstone  there  occur  any  containing  a  notable  proportion  of 
alumina,  which  may  be  known  by  the  earthy  odour  given  out  when 
the  rock  is  breathed  upon,  we  have  the  constituents  for  the  formation 
of  clay,  and  it  only  remains  for  those  materials  to  be  ground  down  into 
fine  powder  and  nuxed  with  water,  either  naturally  or  artificially,  for 
clay  to  be  produced.  While  all  or  any  considerable  portion  of  the 
rock  remains  in  the  form  of  distinct  grains,  we  might  call  it  an  argilla- 
ceous sandstone  ;  the  passage  from  that  to  a  sandy  clay,  and  then  to  u 
pure  clay  or  shale,  being  often  an  insensible  one. 

53.  Clay, — Perfectly  pure  clay  has  been  already  described  as  a 
hydrated  silicate  of  aliunina.    This  is  the  substance  known  as  *'  kaolin," 
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or  "  porcelain  clay,"  derived  from  the  decomposition  of  feldspar,  fi-om 
which  the  silicates  of  potash,  soda,  etc.,  have  been  washed  out  In  some 
^i^ranitic  districts,  the  decomposed  granite  yields  this  substance,  which  is 
cjirried  down  by  water,  and  deposited  in  hollows,  the  quartz  and  mica 
Wing  often  left  behind  in  the  state  of  loose  san(L 

Tlie  ingredients  of  pure  porcelain  clay  are  al^o  sometimes  derived 
from  otlier  rocks,  as  at  Rostellan,  in  Cork  Harbour,  where  the  highly 
incliiietl  bottom  beds  of  the  Carboniferous  limestone  aftbrd  them  in  coii- 
sidemble  abundance.  The  rock  is  a  siliceous  and  argillaceous  limestone 
(though  no  distinct  nodules  or  seams  of  chert  are  visible  in  the  adjacent 
beds),  and  over  one  small  district  the  lime  has  been  almost  entirely 
removeil,  leaving  the  silica  and  almnina  behind  in  the  state  of  a  crumb- 
ling ix)wdery  mass,  which  is  rather  largely  exported  to  the  EngLwh 
IKJtteries. 

Conmion  clay,  besides  being  mixed  in  variable  proportions  with 
r<:«id,  is  often  largely  coloured  with  oxide  of  iron,  and  mingled  with 
many  impurities.  Any  very  finely  divided  mineral  matter,  which  con- 
tains from  ten  to  thirty  per  cent  of  alumina,  and  is  consequently 
**  plastic,"  or  capable  of  retaining  its  shape  on  being  moulded  and 
pressed,  would  commonly  be  called  clay. 

These  clays  have  a  number  of  varieties,  of  which  the  following  are 
the  principal : — 

Pipe  cla^/y  free  from  iron,  white,  nearly  pure. 

Fire  da^,  nearly  or  ([uite  free  from  iron,  and  from  lime  or  alkalies,  often 
containing  carbcm,  which  does  not,  however,  prevent  its  forming 
bricks  that  will  stand  the  heat  of  a  furnace.  It  is  probable  that 
in  good  fire-clays  the  silica  and  alumina  exist  in  just  that  definite 
proportion  which  would  form  a  true  silicate  of  alumina. 

Shale,  regularly  laminated  clay,  more  or  less  indurated,  and  splitting 
into  thin  layers  along  the  original  laminso  or  planes  of  deposition 
of  the  rock.  It  was  fonuerly  called  slate  clay^  as  distingidshed 
fi-om  clay  slate.  Tlie  colliers*  and  quarrymen's  terms  for  shale 
iii-e  Bnidj  or  Bluehind^  Metal,  Plate,  etc.  When  very  fine,  and 
containing  a  hirge  proportion  of  carbonaceous  matter,  the  collier 
calls  it  Batt*  or  Bass,  the  geologist  carbonaceous  (or  bituminous) 
shale,  and  the  coal  merchant  often  "  slate."  In  Scotland  the  col- 
lier'r  term  for  shale  is  "  blaes,"  or  "  blues,"  the  shales  being  often 
bluibh  gray.  When  lumpy,  they  are  called  "  lipey  blaes."  Black, 
alliaceous  shales   (or  batts)   are  called  "dauks;"  "feke«,"  or 

*  ThiB  tenn  of  "  bait "  is  commonly  applied  in  South  StaffordBhire  to  a  lump  of  shiUy 
coal,  which  will  not  continue  to  bum  in  the  Are,  and  therefore  soon  becomes  ash,  and  is 
comeqiiently  of  little  worth,  the  word  has  gone  out  of  general  use  in  the  English  language 
moept  in  oompoaition,  where  it  ia  retained  in  the  word  "  briok-bat "  for  the  broken  end  of  a 
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mt  to  be  midjr  dulea  nich  ai  would  be  called 
^iDcik  Witdi"  in  Sontk  StafbrdshiTe. — (See  WilUamJt  Mineral 
Ximgiam.)  Is  tlie  toa&  of  Ireland  c&rboiuceoiu  ahale  is  called 
'  kdre,"  or  "piudf"  and  indmated  skty  shale  is  termed  "piniill,'' 
er  "poidl,'!!  it  iaiued  often  for  ilate  pencils.  "Slig  or  sliggeen" 
ie  abo  nwd  indiscriminately  for  shale  and  sUte  in  the  south  i>f 
Ireiluid. 

Chmol  ia  a  common  name  for  a  tough,  more  or  lees  indmated,  day, 
ctbai  joj  mndj. 

LoKm  IB  a  soft  and  bikble  mixtore  of  clay  and  sand,  enough  of  the 
latter  being  present  for  the  mass  to  be  permeable  by  water,  and 
to  hare  no  plasticity. 

Jftrl  ia  propeily  calcaieoDS  clay,  which,  when  diy,  bieaka  into  small 
cnbical  or  dioe-like .  bagments.  S^y  clays,  howeTer,  are  com- 
TBotij  bnt  emmeonsly  called  marls,  which  do  not  contain  lime. 

Sk^  mart  ia  Qte  marl  found  at  the  bottom  of  an  old  pond  or  lake, 
obvioody  foiraed  from  the  decompoation  of  shells,  some  of  which 
m^  ofttm  be  seen  in  it 

ArtfiTlaetoiu  fag*t<mt  is  an  indurated  sandy  clay  or  clayey  sondstoni!, 
which  splits  naturally  into  thick  slnhH  or  flags. 

Cla^  datt  is  a  metamorphoBed  clay,  diifering  from  shale  in  having  it 
superinduced  tendency  to  split  into  thin  plates,  which  may  or 
may  not  ctnncide  with  the  original  iBmination  of  the  rock.  It 
will  be  more  porticalarly  described  among  the  metamorphic  rocks. 

Mud  and  m7(  aie  the  incoherent  and  quite  unconsolidated  materials  of 
some  form  of  argillaceous  rock,  either  clay,  shale,  loam,  or  mail, 
according  to  drcunistancen. 

Clagfoek  is  a  name  that  is  sometimeB  required  to  designate  a  highly 
indurated  mass  of  pure  clay,  not  soft  enough  to  be  plastic  without 
grinding  and  mlxuig  in  water,  and  not  laminated  as  shale,  nor 
cleaved  as  slate. 
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AQUEOUS  ROCKS,  CHEMICALLY  AND  ORGANICALLY  FORMED. 

Prelumnari/  Observations  on  their  Origin, 

Before  entering  on  the  description  of  these  rocks,  it  will  be  useful 
briefly  to  consider  the  nature  and  action  of  the  forces  concerned  in 
their  production.  I  shall  take  as  my  princii>al  guide  in  this  examina- 
tion Bischofs  "  Chemical  and  Physical  Geology,"  as  translated  for  and 
published  by  the  Cavendish  Society. 

Carbonate  of  Lime, — When  speaking  of  the  mineral  Calcite,  it  was 
mentioned  that  carbonate  of  lime  is  nearly  insoluble  in  jmre  water, 
but  that  if  the  water  contain  carbonic  acid  gas,  the  mmeral  is  easily 
dissolved  by  it,  either  in  consequence  of  some  special  solvent  power  in 
water  so  impregnated,  or  in  consequence  of  the  carbonate  being  con- 
verted into  a  soluble  salt  (never  yet  seen  in  a  solid  8tat<?)  in  the  fonii 
of  a  bicarbonate  or  sesquicarbonatc  of  lime. 

Carbonic  Acid  Gas  in  Water, — Eain  water  and  snow  contain  small 
quantities  of  carbonic  acid  derived  from  the  atmosphere,  and  acquire 
more  in  sinking  through  the  soil. 

If  water  in  sinking  into  the  earth  meets  \d\h.  carbonic  acid  gas, 
rising  from  the  interior,  it  becomes  saturated  with  it,  and  carbonated 
springs  are  produced.  The  waters  of  springs,  rivers,  and  lakes,  there- 
fore, always  contain  some,  and  probably  a  very  variable  amount  of 
carbonic  acid  gas. 

The  waters  of  the  European  seas,  according  to  Vogel  and  Bischof, 
contain  fi-om  7  to  23  parts  by  weight  of  carbonic  acid  gas  in  the  100,00(^ 
of  waller.  But  from  experiments  made  in  the  French  ship  "  Bonit<5,"  in 
the  South  Sea  and  Indian  Ocean,  only  from  0.4  to  3.0  parts  by  weight 
in  the  100,000. — {Bischof  vol.  i,  p.  115,  riote.)  It  was  apparently 
established,  however,  by  the  latter  experiments,  that  the  quanti^  of  air, 
and  especially  of  carbonic  acid  gas,  increased  with  the  depth  from  which 
the  water  was  taken. 

Carbonate  of  lime  in  fresh  water, — The  quantity  of  carbonate  of 
lime  held  in  solution  by  water  comtaixiiDg  carbonic  acid  gas  is  likewise 
very  variable.  In  tpringi  ^  ay  oeoMkoaUj  reach  ib»  point  of  satu- 
ration, which  if  iiii^lillllliilifhltiyMiipd  IlioiiiUKL 
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In  tiM  xmn  of  Gnat  Britain  and  Western  Europe,  the  quantity  of 
minftnil  matter  bald  in  solution  varies  &om  4  to  66  parts  in  100,000 
.parte  of  water,  tlie  mean  quantity  being  22.  Of  this  mineral  matter 
one  half  is  commonly  carbonate  of  lime,  the  least  proportion,  or  36 
per  eenty  being  found  in  tlie  Loire,  the  greatest  82  to  94  per  cent  in 
the  Bbooe,  at  Lyons,  llie  quantity  of  mineral  matter  in  the  lliames, 
near  Londcm,  is  83  in  the  100,000  parts  of  water,  15  of  which,  or  46 
per  cent,  are  caarbonate  of  lime.  Bischof  calculates  that  if  the  mean 
quaatx^  of  carbonate  of  lime  in  the  Rhine  be  assumed  as  9.46  in 
100,000  of  water,  which  it  is  at  Bonn,  then,  according  to  the  quantity 
of  wmter  estimated  by  Bdsgen  to  flow  at  Emmerich,  enough  carbonate  of 
lime  la  carried  into  the  sea  by  the  Rhine,  for  the  yearly  formation  of 
fhree  hundred  and  thirty-two  thousand  miUions  of  oyster  shells  of  the 
naoal  aiae.  If  we  allow  two  square  inches  for  each  oyster  to  stand 
upon,  and  that  three  oystdrs  one  above  another  would  be  one  inch  high 
(qwantitiiw  within  the  truth),  then  this  number  of  oysters  would  form  a 
enbe  of  660  foet  in  the  side,  or  they  would  make  a  square  layer  a  foot 
duck  and  upwards  of  two  miles  in  the  side. 

Gcarhonaie  of  lAnu  t»  the  Sea, — ^Notwithstanding  the  vast  (jnantity 
of  carbonate  of  lime  thus  carried  down  into  the  sea,  observation  shewfi 
that  the  quantity  to  be  found  in  sea  water  is  commonly  very  small. 
In  most  analyses  of  sea  water  it  is  not  mcntioneti  at  all.  Sea  water 
from  Carlisle  Bay,  Barbadoea,  contained  10  parts  in  100,000  ;  sea 
water  from  between  England  and  Belgium,  only  5.7  parts  in  100,000. 
In  the  open  sea,  at  a  distance  from  any  land,  it  is  said  to  l>c  rarely  if 
ever  discoverable  by  analysis. 

The  smallness  of  the  quantity  to  be  found  in  sea  water,  compared 
with  that  in  almost  all  rivers,  is  doubtless  owinj^  to  the  quantity  of 
carbonate  of  lime  constantly  abstracted  from  sea  water  by  marint* 
animals,  in  order  to  form  their  shells  and  other  liard  parts. 

When  we  consider  the  vast  number  and  variety  of  fish  and  of  mol- 
lusca,  Crustacea,  echinodermata,  and  polyps  that  inhabit  the  sea,  and 
especially  when  we  look  at  the  enormous  hulk  of  the  coral-reefs  that 
are  found  within  the  tropics,  we  shall  l>e  in  no  danger  of  under-esti- 
mating the  vast  amount  of  carbonate  of  lime  annually  abstracted  from 
the  ocean.  That  it  is  abstracted  more  in  one  part  than  another,  and 
yet  the  ocean  maintains  a  nearly  equal  average,  will  not  be  surprising 
when  we  reflect  on  the  extent  of  the  great  currents  that  traverse  the 
sea,  and  look  upon  the  entire  ocean  as  (me  vast,  slowly  circulating' 
system  of  moving  water. 

Formation  of  Limestone  from  Fresh  Water. — When  water  containing,' 
carbonate  of  lime  in  solution  suffers  from  evaporation,  each  drop  of 
water  loses  both  water  and  carbonic  acid  gas,  thus  becoming  gradually 
nturated  with  the  carbonate  of  lime  without  gaining  any  increase  in 
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solvent  power.*  When,  then,  the  evaporatiuii  i>  cniiiiim.il  Imnmh,!  H;, 
point  of  saturation,  some  of  the  dissolved  carbonate  ol  linu  iii.i-i 
necessarily  be  deposited  in  a  solid  form  on  the  solid  substance  over 
which  the  water  passes,  or  on  that  which  it  has  previously  depositc^l. 
Drops  of  such  water  hanging  from  the  roof  of  a  cavem,  or  other  similar 
place,  may  be  observed  to  be  coated  over  with  a  delicate  film  of  carbonate 
of  lime,  like  the  finest  tissue  paper.  This  gradually  forms  a  little  tube, 
which  may  be  seen  sometimes  to  acquire  a  length  of  some  inches,  still 
retaining  all  its  fragility,  until  water,  trickling  down  the  outside  of  it, 
strengthens  it  by  the  addition  of  successive  external  coats. 

Water,  then,  trickling  from  the  roof,  or  down  the  sides,  or  along  the 
floor  of  limestone  caverns,  will  form  long  icicle-like  pendants  hanging 
from  the  roof,  or  columns  rising  from  the  floor,  wherever  the  water  con- 
tinues to  drop  long  enough  in  one  particular  spot  Vertical  sheets  of  it 
may  even  be  formed  when  the  water  oozes  from  a  long  joint  or  crevice 
in  the  roof.  The  part  hanging  from  the  roof  is  called  stalactite  ;  that 
on  the  floor  stalagmite.  Stalactites,  even  when  some  feet  long,  and 
several  inches  in  diameter,  are  often  found  with  the  little  original  central 
tube  still  open,  since  even  if  water  pass  down  it,  no  evaporation  can 
take  place  in  it. 

The  limestone  thus  formed  is  commonly  white  or  pale  yellow,  suV 
crystalline,  often  fibrous,  and,  when  thin,  semi-transparent  or  translucent. 
Some  stalactites,  while  they  retain  their  concentric  rings,  shewing 
the  way  in  wluch  they  were  fonned  by  coat  over  coat,  are  neverthele^n 
perfectly  crystalline  internally.  I  have,  indeed,  never  seen  any  altered 
limestone  so  largely  and  beautifully  ciystallised  as  are  some  of  tbe 
stalactites  from  the  caves  near  Mitcliellstown,  in  the  south  of  Ireland, 
each  crystal  passing  through  many  concentric  coats  of  the  stalactite. 

Stalactites  may  often  be  seen  under  the  arches  of  bridges,  vaults, 
or  aqueducts,  especially  if  the  stone  of  which  they  are  built  be  lime- 
stone. Sometimes  they  are  even  derived  from  the  carbonate  of  lime 
contained  in  the  mortar  or  cement  used  in  their  construction. 

Travertine,  or  calcareous  tufa,  is  deposited  by  exactly  the  same 
])rocess  on  the  margins  of  springs  or  on  the  banks  of  rivers  and  the 
sides  of  waterfalls,  or  wherever  water  containing  carbonate  of  lime  in 
solution  is  brought  into  circumstances  where  rapid  evaporation  can  take 

•  Bischof  (vol  iU.,  p.  171)  says  that  the  maxhnum  amount  of  carbonate  of  lime  tliat  can 
be  dissolved  in  water  saturated  with  carbonic  acid  is  0.1  per  cent,  but  that  water  contain- 
ing only  one-tenth  as  much  carbonic  acid  as  a  saturated  solution,  would  dissolve  just  as 
much  carbonate  of  Ihne  as  a  saturated  solution  would  even  if  it  were  under  high  pressxire. 
Tlie  existence  of  carbonated  springs,  therefore,  is  not  at  all  necessary  for  the  deposition 
either  of  stalactites,  travertine,  or  calc  spar  in  veins,  since  orxiinary  meteoric  water  will 
i^ontain  quite  enough  carbonic  acid  for  the  soluUon  of  carbonate  of  lime,  even  to  saturation 
of  the  water  with  that  mineral,  while  the  less  the  overplus  of  the  acid  the  more  readily  will 
the  mineral  deposition  take  pkce. 
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pina    Bikki  and  twi^i  baqging  am  brooks  often  become  coated  witb 

it ;  aad  the  inonutatioii  of  lAidtf  neets,  wigs,  medallions,  and  other 

matkOt  ^  ^be  actum  of  what  are  called  petrifying  wells,  is  commonly 

kmmtL    In  Italj,  laige  massea  of  solid  and  beautiful  tmvertine  are 

<fapoBtad  by  aome  of  the  springs,  so  that  it  is  used  as  a  building  stoue. 

Hw  Obluawiim  at  Rome  la  built  of  stone  thus  formed.    The  name 

iBfaitina  ia  derired  from  the  TLber,  meaning  simply  Tiber-stone. 

BUiof  B^ja  that  there  are  flffy  sjHings  near  Carlsbad  giving  out  800,000 

eolae  liert  of  water  in  twenty-four  hours,  from  which,  according  to 

Wialdmei^a  calcnlation,  a  mass  of  stone  weighing  200,000  pomuls  could 

be  deposited  in  that  time. 

FLpea  to  eonvey  water,  especially  water  from  boilers,  frequently 
beoome  choked  np  by  the  deposition  of  limestone,  and  have  to  W 
renewed,  In  aome  mannfactories,  the  deposition  inside  a  pipe  exhibiu 
a  legolar  alternation  ol  one  white  layer  between  six  dirty  ones,  and  thin 
wldte  one  is  called  the  ^  Sunday  streak,**  as  marking  the  deposition  on 
tlie  day  when  no  work  was  going  on^  and  the  water  was  consequently 


w^VieiH  wafer  Idmeitonei, — Those  limestones  which  have  been  fumied 
in  fresh-water  lakes,  and  are  called  fresh- water  limestones,  may  nearly 
resemble  travertine  in  their  mode  of  origin,  since  there  is  nothing' 
to  forbid  the  supposition  of  the  waters  of  lakes  becoming  so  highly 
impregnated  wiUi  dissolved  carbonate  of  lime  as  actually  to  deposit  it 
as  a  chemical  precipitate.  At  the  same  time,  most  fresh-water  lime- 
stones look  more  like  the  result  of  the  deposition  of  a  highly  calcareous, 
rather  clayey  mnd,  than  of  a  precipitate  of  pure  carbon. ite  of  lime. 
They  become  then  the  extreme  term  of  marl  or  calcai'eous  clay,  and 
may  be  the  result  either  of  the  disintegration  of  shells,  etc,  or  of  the 
mechanical  action  of  rivers  on  previously  existing  calcareous  rocks,  the 
calcareous  mud  thence  derived  being  perhaps  mingled  with  the  detritus 
of  other  rocks  in  greater  or  less  quantity. 

Formation  of  LirneBtons  in  the  sea. — Bischof  states  that  the  quantity 
of  free  carbonic  acid  gas  contained  in  the  sea,  is  five  times  as  much  as 
is  necessary  to  keep  in  a  fluid  state  the  quantity  of  carbonate  of  liiue  t^i 
be  found  in  it  He  argues,  therefore,  tliat  it  is  impossible  for  any 
carbonate  of  lime  to  be  precipitated  in  a  solid  form  at  the  bottom  of  the 
sea  by  chemical  action  alone. 

It  is  clearly  impossible  for  any  evaporation  of  water  and  gas  to  occur 
to  a  sufficient  extent  in  the  sea  fur  precipitation  to  take  place,  as  it 
does  from  the  waters  just  described.  We  are  almost  compelled,  there- 
fore, to  conclude  with  Bischof,  that  all  our  marine  limestones  have  been 
formed  by  the  intervention  of  the  powers  of  organic  life,  separating  the 
little  particles  of  carbonate  of  lime  from  the  water  and  solidifying  them, 
in  order  to  enable  them  to  form  part  of  a  solid  rock. 
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There  is  of  course  the  possibility  that  the  sea  once  contained  n 
imicii  greater  pniportion  of  carbouftte  of  lime  than  it  does  now,  though 
this  does  not  appear  likely  when  we  recollect  that  in  the  earliest  aiul 
least  fo88ilifi:roua  of  our  formations,  there  is  a  much  smaller  proportioTi 
of  limestone  tlian  in  later  and  more  foasiliferoua  rocks  ;  and  that  even 
in  the  oldest*  limestones,  oi^anio  remains  are  to  lie  found. 

If  it  be  impogsihle  that  carbonate  of  lime  should  be  deposited  on 
the  twttom  of  the  sea  by  any  mere  chemical  agency,  it  follows  that 
we  niurt  look  for  its  production  to  that  cause  which  we  know  is 
capable  of  producing  it,  namely,  the  power  possessed  by  the  organs  of 
animals,  llie  sheila  of  Molluscous  animals  consist  chiefly  of  carbonate 
of  lime,  so  do  the  crusts  of  the  Crustacea  and  Echinodermata,  and  an 
we  descend  still  lower  to  the  Polyps  and  Foraminifera  we  meet  with 
animals  that  secrete  still  lai^er  quantities  of  that  substance,  not  only 
loi^r  iu  proportion  to  their  own  bodies,  but  much  larger  absolute  bulks 
of  it,  in  consequence  of  their  numbers. 

Althougli  the  quantity  of  carbonic  acid  gas  in  the  aea  is  so  great  ns 
to  keep  fluid  all  the  lime  wliich  is  already  dissolved  in  it,  and  even  a 
good  deal  more  than  sufficient  for  that  purpose,  yet  it  does  not  imme- 
diately exercise  Its  solvent  powers  on  the  carbonate  of  lime  that  has 
been  secreted  by  the  organs  of  animals,  since  the  organic  structure  sueiii.-j 
to  protect  it  for  a  time  at  least  from  the  merely  chemical  action  of  thi' 
acid.  Moreover,  the  concentration  of  so  lai^e  a  proportionate  ma.^  of 
I'arbonate  of  liine  in  comparatively  Buiall  spaces,  would  require  a  lont; 
wntinui'd  action  of  currents  of  sea  water  upon  it,  in  order  to  le-dissolvo 
it,  since  no  iwrtioii  of  water  could  remove  more  than  one-tenth  per 
cent  of  its  own  bulk.     (Bischof,  vol.  iii.,  p.  173). 

In  the  extia-tropical  seas,  it  would  seem  probable  that  Foraminifetu 
and  other  allied  animals  are  tlie  most  active  ^ents  in  the  secretion 
of  carbonate  of  lime.  In  the  series  of  sounding  operations  lately  con- 
ducted across  the  Atlantic  by  the  officers  of  the  British  and  United 
States  Navies,  pKliminarily  to  laj-ing  down  the  electric  telegraph,  it 
was  found  tliat  large  ports  of  the  bed  of  the  Atlantic  were  covered  with 
a  calcareous  "  oaze,"  Captain  DajTuan,  RJ(.,  in  his  Deep  Sea  Soundings 
(published  by  Potter,  31  Poultry,  18B8)  says,  that  "  from  the  coost  of 
Ireland  t  to  11°  1 G '  west  longitude  the  bottom  is  sandy,  and  the  water 
gradually  deepens  to  00  fnthouis.  At  the  12th  degree  the  bottom  is 
rocky,  and  the  depth  200  fathoms,  and  from  this  to  13"  15'  ^-est 
longitude,  there  is  an  average  depth  of  400  fathoms  with  a  muddy 
bottom.     A  sandy  flat  with  a  mean  depth  of  200  fathoms  is  found  to 

•  In  tbe  highly  «llored  llmeitonei  asioctotcd  with  gneiss  ami  luicn  alstc,  wn  couJd  hardli 
p<l«el  U>  HtMl  Inces  or  fossils,  even  If  tlisy  once  pont«in«l  them.  OrB«nic  'o™>  '''Vf, 
h,iwevFr,  latBl)-  been  dtscoi-emd  In  dlUiEa  liuisstono  from  soniB  of  the  gneHi  of  Bootlin.i, 

t  Vnlentla  Hubanr  Is  In  H)-  !»■  «e«t  Inngltode  or  Umraiboats. 


I  lielKteD    13"  3(l',nii.l  40"  3(»'  wi-t  li.iiuiM,'.      Ill   1-1°  4S'  ^ 
V  LnVB  floK  fiilliiimjv  ro<-l:,  ftml  in   I Ti"  i;'  wiit,  I T")!)  fi.llicnii  . 

1  tfaie  ISdi  Hid  4Dtli  degraefl  of  west  longitude,  liea  the 
deceit  put  of  tlu  ocean  IwtwecaL  Iieknd  uid  Newfonndland,  vai7iii}{ 
ftm  about  1500  to  S400  fiithoiiu,  the  bottom  of  which  ia  almoet 
^laOj  compoMd  ti  ttie  Hune  kind  of  aoft  meol^  sabetance,  which,  for 
want  (fa  batter  tataa,  I  hsTe  called  oue.  Thii  sobetance  ii  icmarkably 
ilM^,hHTingbeenfbniid  to  adhere  to  the  sonndiog  rod  and  line  through 
iti  pafliga  fram  the  bottom  to  the  enrfaee,  in  some  inatanccB  boia  a 
^fik  at  mon  than  SOOO  &thoma." 

"Die  spaea  indicated  equals  a  distance  of  more  than  1300  niilea,  in 
lAkh  oolj  two  aueptkma  occnned  to  the  above  description  of  "  bnt- 
toOL'  Ik  TMni^  B^,  Newfonndhuid,  the  depth  varied  from  90  tt> 
HO  faaiomi,  tiie  botbnn  being  dther  bore  rock  or  fine  blue  or  given 


Fnbmox  Huxley  girea  a  descriptioD  of  the  oaze  derived  from 
teptlM  betweon  1700  and  S400  bthoma  <or  10,800  and  14,400  feet) 
m  dwqtpendix  to  the  pamphlet  abore  mentioned.  He  safe, "  a  ringular 
imiformitj  of  character  peiradeH  these  soimtlingn.  As  they  lie  undis- 
turbed they  fonn  on  excessively  fine  light  bn)wii  muddy  sfdiinent  at 
the  bottom  of  the  bottles  in  which  they  are  preserved  ;  but  in  tlii»  miul 
a  certain  al^ht  grittiness  can  be  detected,  arising  fmm  the  intennixtiire 
nf  nuDdte  hanl  particles  (hardly  ever  excecdin;;  ^V^  '>f  <*"  '■"^li  ■■■ 
diameter).  *  •  When  a  little  nf  thin  mud  is  taken  out  and  thoronghly 
dried,  it  becomes  white  or  reddiiiih  white,  and  (though  teos  white), 
closely  resembles  very  fine  chitlk,  and  fully  nine-tenths,  hh  1  imagine, 
by  wei^t  of  this  deix^it  conRiKts  of  minute  animal  organisms  callecl 
Foiaminifera,  provided  with  thick  skeletons  composed  of  carhonute  of 
lime.  Hence,  when  a  dilute  acid  is  added  to  the  mud,  a,  violeiil  elfer- 
vescencc  takes  place,  and  the  greater  part  of  its  bulk  diiuippearn. 

Professor  Huxley  lielieves  that  85  per  cent  of  the  whole  l>elong  tii 
one  species  of  the  genas  Globigcrinn  ;  5  per  cent  to  other  calcaixioiix 
organisms  of  at  most  four  or  five  species,  uiid  the  remaining  ten  per 
cent  consists  partly  of  minute  granules  of  (^uarti,  and  partly  of  animal 
and  Testable  (diatomacen)  oi^'anisms  provided  n-ith  siliceous  skeletons 
and  envelopes. 

It  will  be  seen  from  the  foregoing  description,  that  the  niatei'ials 
for  a  continuous  bed  of  limestone  with  dint  nodules  are  now  being 
deposited  in  the  North  Atlantic  over  a  space  which  is  1300  miles  in 

■  CipUin  Diyimn  Mj»  lluit  this  ia  ■■  tlio  greatcsl  rtij) "  gr  slrcpcat  inflimillnn  "  in  11"' 
rubonm,  nr  2400  y»nl«,  <ii  1*  ot  Inngituao,  wliii*  In  lotil.mlt  sr  iimr  1«  Ukw.  u  «ry  n*irly 
'It  lunil  wonlil  nut  bo  Uxi  Bicat  (or  a  canlaiiB  to  drive  uii  ut  down. 
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diameter,  a  distance  equal  to  that  from  the  west  coast  of  Ireland  to  the 
borders  of  Bussia,  or  from  Paris  to  Constantinople.  In  the  second 
pamphlet  by  Captain  Dayman,  published  in  1859,  describing  the  line  of 
soimdings  taken  to  the  Azores  in  1858,  he  states  that  he  found  pre- 
cisely similar  oaze  nearly  down  to  latitude  45°,  so  that  the  deposit 
appears  to  be  at  least  600  miles  broad. 

Coral  Re^fs. — The  solidification  of  carbonate  of  lime  by  the  forces 
of  life  thus  discovered  to  be  going  on  in  the  depths  of  the  North 
Atlantic,  is  doubtless  equally  active  in  the  other  oceans,  both 
within  and  without  the  tropics.  In  many  parts  of  the  intertropical 
regions  of  the  world,  however,  especially  in  the  Indian  and  Pacific 
Oceans,  another  class  of  animals,  namely,  the  Polyps,  produce  still 
greater  eflfects.  Polyps  are  merely  soft  gelatinous  animals,  consisting  of 
little  else  than  a  small  sac  or  stomach,  with  tentacles  arranged  round 
its  margin  to  assist  in  supplying  it  with  food.  Some  kinds  of  them 
form  a  common  mass  or  body,  a  nimiber  of  small  individuals  uniting 
to  make  a  polypodom,  out  of  which  they  grow,  just  as  a  number 
of  individual  buds  exist  in,  or  grow  out  of,  a  common  vegetable 
body  or  tree,  the  compoimd  body  in  each  case  increasing  in  consequence 
of  the  growth  of  the  individuals  belonging  to  it  Almost  all  these 
compound  polyps  secrete  carbonate  of  lime,  forming  a  solid  compound 
skeleton  or  frame  work  called  a  corah* 

In  almost  all  tropical  seas  encrusting  patches  or  small  banks  of 
living  coral  are  to  be  found  along  the  shores,  wherever  they  consist  of 
hard  rock,  and  the  water  is  quite  clear.  These,  M.  Darwin  calls  Fringing 
reefs. 

In  the  Indian  and  Pacific  Oceans,  however,  far  away  from  any  land, 
huge  masses  of  coral  rock  rise  up  from  vast  and  often  unknown  depths 
just  to  the  level  of  low-water.  These  masses  are  often  imbroken  for 
many  miles  in  length  and  breadth  ;  and  groups  of  such  masses,  sepa- 
rated by  small  intervals  of  deep  water,  occur  over  spaces  sometimes  of 
400  or  500  miles  long,  by  50  or  60  in  width.  These  often  form  large 
irregular  rings  or  loops,  and  when  they  do  not  enclose  any  high  land, 
they  are  called  Atolls. 

When  the  reefs  encircle  or  front  high  land,  with  a  navigable  water 
channel  between  the  land  and  their  outer  edge,  they  are  called  Barrier 
reefs.  The  barrier  reef  along  the  north-east  coast  of  Australia  is  com- 
posed of  a  chain  of  such  masses,  and  is  about  1250  statute  miles  long, 
from  10  to  90  miles  in  width,  and  rises  at  its  seaward  edge  from  depths 

*  The  coral-forming  pol>^>8  are  often  popularly  spoken  of  as  coral- ituecf^,  and  they  art* 
sometimes  supposed  to  brUld  the  coral  as  the  bee  builds  ita  comb.  Tliese  terms  are  very 
misleading,  as  the  coral  cannot  properly  be  said  to  be  buUt  by  the  animals  that  live  on  its 
surface,  any  more  than  the  Umber  of  a  tree  could  be  said  to  be  built  by  the  buds,  or  the 
shells  and  skeletons  of  animals  to  be  built  by  the  animals. 
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wtaA  b  Madded  all  onr  with  iteep-nded  block-like  moiaea  that  riae 
^  to  tha  lovd  of  Lnr-ireter.  Theae  nuuHes  vuy  in  aiie  &om  meie 
IjimiMilai  to  an  ana  of  aome  mile*,  genenlly  mach  longer  than  broad, 
sd  ramiiig  mrao  or  loaa  naaily  acrow  the  direction  of  the  prevailmg 
■tad.  Tbtej  are  eqiecially  nomerona  and  moat  linear  along  the  edge 
of  titB  gnat  hank  on  which  they  rest,  the  paaa^ea  between  them  being 
(rftiB  mj  BaDOW,  lihe  irregular  embiasuree  opened  hen  and  there 
^""^  tha  pai^wt  wall  of  a  foitreae.  These  "  individual  reeb  "  mn- 
jaa%  along  Aa  oidet  edge  protect  the  compantively  HhaUow  water 
hnda^  and  widt  the  atuneioiia  inner  reels  that  are  scattered  over  its 
qaee  maks  it  one  great  natnnl  harbour.  An  idea  of  its  extent  may 
be  gnnad  I7  aqipouiig  it  transferred  to  our  own  part  of  the  world, 
aad  extended  Irrai  Brest  aeroaa  the  months  of  the  English  Channel  and 
Irish  Sea,  round  the  west  coast  of  Irelund  to  thu  extrtrmc  west  point  of 
Iceland,  or  curving  along  the  ahoi'es  of  Scotland  and  the  Shetland 
Islands  np  to  the  coast  of  Norway. 

The  "  bottom,"  between  the  "  inner  reeia"  of  the  great  Australian 
barrier,  when  brought  up  by  the  dredge  irom  a  depth  of  fifteen  or 
twenty  fothonu,  often  looked  very  like  the  uncjnsolidated  maas  of  some 
lA  the  coaiae  shelly  limeitones  to  \>q  fuuud  among  the  oolites  of  Qlou. 
ceaterahire.  At  other  times  the  dredge  came  up  completely  fiUeil 
with  the  small  round  Foraiiiinifeia,  called  OrbituliteH,*  and  these 
Ofganisma  seemed  in  some  plucex  to  make  up  the  whole  sand  of  the 
beach  either  of  the  coral  islets  or  of  the  neighbouring  shores.  In  the 
deep  sea  around,  and  in  all  the  neigliliouring  seas,  from  Torres  Straits 
to  the  StnutH  of  Malacca,  wherever  "  bottom"  was  brought  up  by  the 
lead,  it  was  found  to  be  a  very  fine-grained,  imi>aipable,  pale  olive-green 
mnd,  which  was  wholly  soluble  in  diliitu  hyilrodiloric  acid.  This  sub- 
ataace,  when  dried,  would  therefore  be  scarcely  dilTerent  from  chalk, 
thongh  it  commonly  was  of  a  greener  tinge.  Tliis  fine  calcareous  mud 
may  be  partly  derived,  like  the  oaze  of  the  Nortli  Atlantic,  from  the 
calcoreons  bodies  of  minute  animals  tliat  live  either  ou  the  surface  or 
in  the  depths  of  the  seas  at  the  bottom  of  which  it  is  found  ;  but  much 
of  it  is  doubtless  derived  from  the  waate  of  the  coral  reefs  themselves. 

Some  fishes,  accordiug  to  Mr.  Darwin  (Coral  Reefs,  p.  14),  browse 


•  ThMe  t-n  either  cwrtly  II 
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upon  living  coral,  and  all  the  great  Holotliuria  (or  Tripang),  so  abundant 
on  the  coral  reefs  of  the  Great  Barrier  and  elsewhere,  are  always  full  of 
coral  sand,  on  the  animal  matters  in  which  they  seem  entirely  to  sub- 
sist. The  mere  process  of  digestion,  then,  carried  on  by  these  and  other 
animals,  must  contribute  much  impalpable  calcareous  mud  to  the  adja- 
cent seas. 

The  tidal  currents  among  the  "  inner  reefs,"  and  in  the  openings  of 
the  Great  Barrier,  are  often  excessively  strong,  running  sometimes  with 
an  im})etuous  sweep,  in  the  same  direction,  even  for  two  or  three  days 
together,  especially  after  great  storms  have  driven  large  quantities  of 
water  into  the  space  between  the  outer  edge  and  the  land. — ( Voyage  of 
H.MJS.  FUj,  vol.  i.,  p.  19.) 

The  outer  edge  of  the  Great  Barrier  (and  the  windward  side  of  all 
coral  reefs)  is  always  subject  to  the  battering  and  pounding  .action  of 
the  most  tremendous  surf  that  can  be  imagined,  since  the  long  roll  of 
the  ocean  swell  falls  suddenly  on  the  upjjer  edge  of  the  great  submarine' 
wall,  dashing  upon  it  with  almost  inconceivable  power,  and  roaring  over 
the  surface  of  the  reef  in  huge  breakers  that  are  sometimes  felt  even 
all  across  it.  At  high  tide  especially,  when  the  wind  blows  strongly  on 
the  reef,  a  vast  quantity  of  water  is  thus  thrown  into  the  inner  lagoon, 
which,  as  the  tide  falls,  scours  out  all  the  outer  chamiels  and  passages. 
Although  the  living  coral  flourishes  most  where  the  surf  is  heaviest,  and 
the  greatest  masses  of  Moeandrina  and  Pontes,*  and  other  gigantic  sj>e- 
cies,  live  only  on  the  outer  edge  of  the  reef ;  yet  if  a  mass,  living  or 
dead,  be  once  detached  from  the  rest,  it  is  soon  acted  upon  by  thest- 
breakers,  and  ultimately  triturated  into  calcareous  sand  or  mud. 

In  addition  to  the  Great  Barrier  just  spoken  of,  all  the  sea  between 
Australia,  New  Caledonia,  and  the  Louisiade,  is  infested  with  coral 
reefs,  so  that  Flinders  called  it  the  Coral  Sea.  As  this  space  is  1000 
miles  wide  and  broad,  we  have  here  an  area  of  something  like  a  million 
of  square  miles  over  which  carbonate  of  lime  is  being  deposited  in  great 
sheets,  and  in  bank-like  masses,  which  are  in  some  parts  at  least  more 
than  1000,  probably  more  than  2000  feet  in  thickneijs. 

Those  coral  reefs,  which  may  be  called  living  reefs,  consist  of  living 
corals  only  in  parts  of  their  upper  surface,  and  along  there  outside  rim, 
which  is  a  mere  film  compared  with  their  whole  bulk.     All  the  interior 

*  Rounded  maisscs,  or  solid  stools  of  Mn-andrina,  of  6  or  8  feet  in  diameter,  are  common 
among  the  detached  blocks  rolled  up  from  the  outer  slope  on  to  the  reef.  They  may  be 
seen  just  inside  the  surf,  at  low  water,  from  a  distance  of  one  or  two  miles,  and  are  spoken 
of  by  Flinders  as  "  Turks'  Heads."  I  once  landed  close  to  the  edge  of  the  Barrier,  on  tho 
south  side  of  the  Blackwood  Channel,  in  south  latitude  11"  46',  on  a  continuous  mass  of 
Porltes,  which  was  at  least  20  feet  across,  and  seemed  to  pass  doA^Tiwanis  into  the  mass  of 
the  reef  below  water  without  any  disconnection.  It  was  worn  into  pinnacles  above,  so 
that  two  or  three  of  us  coulil  stand  in  the  different  hollows  without  seeing  each  other. 
Tills  f.>nned  part  of  a  line  of  such  masses  that  attracted  our  attention  from  a  distance  of 
three  njiles.    They  are  marked  as  "  rocks  dry  at  \iigk  water"  in  the  charts. 
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k  eompond  of  dead  ecmU  and  theUi,  taibei  whole  oi  in  fragments,  and 
dM  caleanou  pratuni  ol  other  marine  animals.  The  intenticeB  of  the 
miam  an  flUed  up  and  oompacted  together  by  calcaKoiu  iand  and  mnd, 
dnircd  from  the  waMe  and  debris  of  the  conk  and  HhellB,and  bjconnt- 
Iaaaii9iia(bafiiiiniiteoi^Muama,nioitlyGalcareouBalio.  The liriug part, 
•TO  it  tlw  vppet  smbee  of  theteef,  ia  that  only  which  ia  never  di^  at 
loir  wsto;  ^le  part  which  it  then  eipoeed  is  composed  of  mere  atone, 
irineb  ia  cAao  capaUe  of  being  split  up  and  lifted  in  8labB,l>eariiig  no 
man  iriiiiililaimi  to  aome  of  our  olde«t  limeetonea.  These  alaba  and 
Hnflr",  i^Mn.  broken  open,  are  frequently  found  to  have  a  ctystalline 
•tnictim  intemallj,  bj  which  the  forms  and  the  organic  structure  of 
the  conla  and  slulla  are  more  or  less  divinised  and  obliterated.  A 
eonl  ne^  than,  of  which  a  part  is  still  living  and  in  process  of  fonna- 
tkm  aboT^  may  intanailj  consist  of  solid  dystBlliiie  limestone — eince 
it  auf  well  be  then  jnst  as  aystalline  as  many  staladiteB. 

On  the  oppet  lorfMea  <J  some  coral  reefe  small  islands  are  formed, 
— th«  eonl  nad  being  drifted  by  the  winds  and  waree  till  it  forms  a 
hank  reaching  above  high-water  ma^  In  some  of  these  islands,  the 
rounded  calcareous  grains  are  bound  together  into  a  solid  stone  by  the 
action  of  rain  water,  which,  containing  a' small  quantity  of  carbonic 
add,  dissolves  some  of  the  carbonuM  of  lime  aa  it  falln,  but,  being 
shortly  evaporated,  redepoaits  it  again  in  the  form  of  a  calcareoiu 
cement.  The  stone  thus  formed  is  like  a  coke  resting  u^Kin  still  inco- 
herent sand  below.  Some  of  this  atonu,  which  was  used  for  building  a 
beacon  tower  on  Baines'  Islet,  to  mark  an  opening  in  the  Great  Barrier 
reef,  pre8enl«d  very  distinct  examples  of  the  oolitic  stmcture  presently  to 
be  mentioned,  little  minnte  grains  and  particles  being  enveloped  in  one  or 
two  concentric  coats,  like  the  coata  of  an  onion.  That  this  stone  was 
not  consolidated  under  water  was  proved  by  nest«  of  turtles'  eggs  being 
found  imbedded  in  it,  evidently  deposited  by  the  animal  when  the  sand 
was  above  water,  and  was  loose  and  incoherent. 

Rtused  coral  reefs,  in  the  islands  of  Timor  and  Java,  were  often 
internally  as  white  and  friable  as  chalk,  though  they  had  frequently  a 
rougher  and  grittier  texture,  and  neathered  black  outside.  The 
weathered  surfaces  of  these  limeatonea,  often  at  a  height  of  two  or  three 
hundred  feet  above  the  sea,  with  their  embedded  shells  of  all  descrip- 
tions, including  a  Tridacna  of  one  or  two  feet  in  diameter,  difieied  in  no 
resp^  from  some  of  the  surfaces  of  the  Great  Barrier  reef,  where 
exposed  at  low  water. — {V^agt  of  H.M.S.  Fly) 

Guided  by  these  facts  and  observationii,  we  may  form  tolerably 
accurate  notions  of  the  mode  of  origin  of  all  our  marine  limestones, 
and  attribute  to  them  an  organic-chemical  origin,  taking  into  account, 
at  the  same  time,  how  easily  they  may  have  been  subsequently  altered 
in  texture  by  the  metamorphic  action  either  of  water  or  of  hept. 
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We  must  also  bear  in  mind  that,  althongh  the  carbonate  of  lime 
may  have  been  secreted  and  brought  into  a  solid  form  from  its  aqucou!* 
solution  by  the  action  of  animal  life,  yet  that  the  original  form  it  thus 
received  has  been  retained  in  only  a  small  part  of  it,  the  great  mass 
having  been  subjected  to  the  mechanical  actions  of  erosion,  trituration, 
and  transport,  to  a  greater  or  le^sser  extent,  in  the  process  of  its  eon- 
version  into  calcareous  mud,  and  deposition  as  beds  of  limestone. 

Silica. — ^The  aqueous  deposition  of  silica  is  sometimes  a  purely 
chemical  one,  as  in  the  case  of  the  siliceous  sinter  deposited  round  tlu* 
Geysers,  or  hot-springs,  of  Iceland,  and  round  the  hot  springs  of  St. 
Miguel  and  Terceira,  in  the  Azores,  and  the  chalcedony  round  those  of 
New  Zealand.  Cold-water  springs  also,  in  some  instances,  deposit 
siliceous  matter  ;  but  in  these  the  silica  is  generally  combined  with 
alimuna,  oxide  of  iron,  and  other  bases.  In  all  these  cases,  evaporation 
of  the  water  takes  place,  and  the  silica  is  deposited  in  consequence  oi 
that  evaporation.  Bischof  attributes  the  formation  of  quartz  cr^-stals  in 
cavities,  and  of  compact  quartz  in  veins,  to  the  total  evaporation  of 
water  containing  silica  in  solution,  and  trickling  down  the  sides  of  such 
cavities,  and  it  is  difficult  to  imagine  any  other  method  for  their  fonna- 
tion,  among  aqueous  rocks  at  all  events.  He  points  out  the  impossi- 
bility of  ascending  springs  depositing  the  quartz,  inasmuch  as  those 
must  be  full  of  water,  and  therefore  total  evaporation  of  successive  tilms 
of  water  could  not  take  place.  He  attributes  the  formation  of  quartz 
cr}'stals  in  drusy  cavities  to  a  similar  evaporation  of  water  containinj^ 
siUca,  that  has  filtered  through  the  adjoining  rock-  Agates,  chalcedony, 
etc.,  shew  very  distinctly  the  successive  deposition  of  films  of  silica. 

Formation  of  Silica  in  the  Sea. — ^To  accoimt  for  the  deposition  of 
silica  on  the  bed  of  the  sea,  where  evaporation  is  not  possible,  we  ai*e 
compelled,  as  in  the  case  of  limestone,  to  call  in  the  wd  of  the  powers 
of  animal  life.  KThe  minute  shells  of  many  of  the  infusoria  are  almost 
entirely  composed  of  silica,  which  they  have  extracted  from  the  water 
of  the  sea.  Some  kinds  of  rock,  such  as  the  tripoli,  or  polishing  slate, 
are  entirely  made  up  of  these  microscoi)ic  substances,  some  beds  thus 
formed  being  many  fathoms  in  thickness  and  many  miles  in  extent 

All  seas,  from  the  equator  to  the  poles,  abound  with  these  minute 
organisms.  They  have  been  found  living  even  in  ice.  The  phosphor- 
escence of  the  sea  is  due  to  the  presence  of  oiganic  beings,  a  large 
proportion  of  which  are  siliceous-cased  infusoria,  whether  belonging  to 
the  animal  or  vegetable  kingdom.  According  to  Ehrenbeig,  there  are 
formed  annually  in  the  mud  deposited  in  the  harbour  of  Wismar,  in 
the  Baltic,  17,946  cubic  feet  of  siliceous  organisms.  Although  it  takes 
a  hundred  millions  of  these  animalcules*  to  weigh  a  grain,  Ehrenbeig 

•  In  tislng  the  temw  "animalculea"  and  "inftmori*,-  It  muBt  be  borne  fn  mind  that 
biologiste  now  believe  many  of  them,  such  as  the  Diatomacese,  to  be  yegetables. 
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toUetttA  m  pDand-ireight  of  them  in  an  liour.  So  prolific  br  tiuy, 
numonr,  tint  "  a  dii^  one  of  them  animAlcnlM  can  ioctieaee  to  such 
la  extant  during  one  month,  that  ita  entire  descendants  can  fonn  a  bed 
of  Hlicft  S5  tqpan  nuln  in  extent,  and  1|  foot  thick.*  Am  a  panlld 
to  An^hiwuJ— ,  1^  deelaied  he  eonld  move  the  earth  if  he  had  a  lent 
loog  enongh,  we  may  my  ; — Give  us  a  moiled  unioiAlcule,  and  with  it 

itted  aione,  or  maj  be  nungled  with  itie  calcareooa  matter  depo«ted  on 
the  bed  of  Qkt  aea  hj  the  metlioda  jnat  now  mentioned.  If  the  nliceotu 
1m  ililTiwiiil  in  a  fine  rtate  cd  division  pretty  equally  throng  the  calca- 
nmM  matter,  it  may  pariiape  be  oonaolidated  in  that  state  of  difFodon 
fodntiiig  a  eiliBeoni  limestone,  or  it  may,  in  obedience  to  certain  che- 
nieal  law^  eegrepte  itaalf,  more  or  lew  oompletely,  from  ihe  calcsreona 
nMttv,  and  tana  either  diitinct  layen  and  veins,  or  concntionBry  balla 
and  iH)diili&  The  pieaenee  of  a  body,  iteelf  consisting  largely  of  silica, 
■odi  ■>  many  pongee,  will  bcilitat«  xad  detennine  this  process,  afiford- 
iig  a  eentae  of  attrartion  for  the  nliceooi  particles  to  collect  around  it 
bom.  the  adjacent  matter.t 

llieee  views  of  the  oiganic  origin  of  most  marine  limestones  and 
flints  are  conobocsted  by  the  fact,  which  we  shall  presently  describe,  of 
almost  oU  great  masses  of  limestone  being  accompanied  by  siliceoua 
portions  of  a  pecnliar  character,  such  as  are  rorely  or  never  to  be  funnd 
in  any  other  rocks  except  limestone. 

Oariimatt  of  Mofftutia. — Magnesia  occurs  in  sea  water  in  the  form 
of  chloride  of  magnesium  and  sulphate  of  magnesia.  Bischof  says  that 
the  water  of  the  Mediterranean,  which  contains  the  largest  amount  of 
itifigiiwrinn  salts,  has  0.S&  per  cent  of  the  former,  and  0.636  of  the  latter 
(voL  iiL,  p.  161).     Of  the  salts  dissolved  in  sea-wateT,X  B  to  15  per  cent 

'  it  of  chloride  of  magnesiiun,  and  6  to  16  per  cent  of  sulphate  of 
\BiMebaf,  voL  l,  p.  99  to  lOS.)  From  the  quantity  of  free 
carbonic  acid  in  the  sea,  it  is  plain  that  these  might  be  converted  ii^ 
earbonste  of  magnesia,  but  that  if  so,  it  would  be  kept  in  solution  as  a 
bi-carbouat«  (or  sestjui-carbonate),  as  in  the  cose  of  carbonate  of  lime. 

*  Blacbof,  ToL  I.,  p.  ISS.  Than  la  ■  all^t  mlitake  Id  tha  BngUah  [niiiliUoii,  la  which 
tIww(irili"iii[lUoiijof''  tMve  been  omitted iner  the  ttgunaSJ.CHW.  II  ira  make  the  olcB- 
latlcni  In  BagUita  mtgfaU  uiil  maaanrta,  tt  appean  lo  me  it  will  glvt  1,1U,MKi,OaO  of  eabla 
fMt,  or  tl  Kioan  mllaa  1  foot  ht^  or  a  aqoan  or  that  hei^t  meaannng  ncarif  t^  mllca  In 
Ilia  aide. 

I  Xr  Dowertiaiik  baa  proTed  the  pnaenca  or  Bpongo  partlclea  In  many  Blnla  and  cherts, 
md  Rfen  Ihem  all  to  that  origin. 

I  Blevhot  alvi  telli  ua  (vol.  111. ,  p.  ITS)  that  th*  qnantltr  of  carbonate  oT  magneila  caiTied 

to  yield  lO.OST.SM  Iba.  of  dul.imlte,  conslating  of  equal  equlvalemti  of  the  Mrhoiut«a  oT 
lime  and  magneaia.    Thin  qTiautlty  ffonld  be  e<]Dal  to  a  aqnan  luus  1  foot  htuh  and  S3S  fMt 
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All  that  has  been  said,  therefore,  as  to  the  necessity  for  calling  in  the 
aid  of  organic  life  to  solidify  carbonate  of  lime  from  the  waters  of  the 
sea,  "  holds  good  in  regard  to  carbonate  of  magnesia,  and  the  more  so, 
since  this  salt  always  separates  later  than  carbonate  of  lime,  even  from 
fluids  which  have  undergone  a  very  high  degree  of  evaporation." — 
{Bischof,  vol.  L,  p.  1 1 7.) 

There  is,  however,  this  difficulty  in  this  view : — ^The  carbonate  of 
lime  is  largely  separated  from  the  sea  water  by  being  made  to  enter 
into  the  composition  of  the  hard  parts  of  marine  animals  in  overvvhebu- 
ing  proportion,  whereas  the  percentage  of  carbonate  of  magnesia  to  be 
found  in  the  hard  parts  of  corals  and  moUusca  does  not  usually  exceetl 
1  or  2  per  cent.  Neither  do  we  know  any  class  of  animals  that  seci-ete 
any  much  greater  quantity  of  magnesia,  as  some  of  the  infusorial  animals 
secrete  silica.  Yet  in  many  widely-spread  magnesian  limestones  the 
quantity  of  magnesia  is  almost  equal  to  that  of  lime,  and  the  proportion 
is  frequently  as  much  as  20  to  30  per  cent.  Forchammer,  however, 
found  2.1  per  cent  in  Coralliimi  nobile,  6.36  per  cent  in  Isis  hippuris, 
and  7.64  per  cent  in  some  species  of  Serpula,  while  16  to  19  }>er  cent 
have  been  found  in  some  species  of  Millepore. — {Oeol.  Reports  of  Canada 
for  1857.     Mr.  Sterry  Hunt.) 

Magnesian  limestones  are,  however,  generally  poor  in  organic  re- 
mains, though  this  may  be  the  result  of  their  more  perfect  crj^stalliza- 
tion  and  mineralization  by  which  the  oiganic  8tructm*e  has  been 
obliterated,  rather  than  of  the  absence  of  organic  beings  from  the  origi- 
nal deposit.  Mr.  Sterry  Hunt  has  demonstrated  the  possibility  of  tlie 
chemical  deposition  of  Dolomite  in  isolated  lakes  or  seas,  where  great 
evaporation  is  taking  place,  but  it  is  difficult  to  imagine  many  of  our 
dolomites  to  have  been  formed  in  such  situations. 

In  whatever  way  effected,  it  is  true  that  magnesian  limestones,  con- 
taining various  proportions  of  lime  and  magnesia,  have  been  de^yosited 
originally  as  magnesian  limestone  at  the  bottom  of  the  sea,  sometimes 
in  large  quantities,  and  over  considerable  areas. 

It  is  equally  true  that  pure  carbonate  of  lime  has  in  many  cases 
been  subsequently  converted  into  dolomite  or  magnesian  limestone  by 
chendcal  metamorphic  action. 

Sulphate  of  Lime  and  Rock-salt  {chloride  of  sodium)  are  imdoubtedly 
chemical  precipitates,  and  we  are  hei*e  again  met  by  the  same  difficulty 
as  before,  in  assigning  a  proximate  cause  for  that  precipitation  in  the 
open  sea.  If  we  could  imagine  a  portion  of  sea  water  separated  from 
the  ocean,  and  left,  as  a  shallow  lagoon,  to  gradually  dry  up,  there 
would  be  no  difficulty  in  the  case. 

Bischof  gives  the  following  as  the  average  composition  of  the  stdts 
of  the  sea  water  (vol.  i.,  p.  379) : — 
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Saline  contents  of  se^-water 

OnnHinting  of — 
Chloride  of  Sodium  (common  salt) 
GUonde  of  Magneamm 
Chloride  of  Potassium 
Bromide  of  Sodimn     ... 
Sulphate  of  lame  (gypsum) 
Sulphate  of  Magnesia  (Epsom  salts) 

Paromtage. 
3.527 

.       75.786 
9.159 
3.657 
1.184 
4.617 
5.597 

100.000 

He  teUa  ns,  too,  that  when  sea  water  is  evaporated^  the  poiut  of 
■atmntion  for  sulphate  of  lime  is  much  sooner  reached  than  that  for 
lock-aalt ;  37  per  cent  of  the  water  being  required  to  be  removed  in 
the  one  case,  and  93  per  cent  in  the  other.  Gypsum,  therefore,  must 
alwmjB  be  deposited  before  rock-salt,  and  it  is  possible  for  the  point  of 
aatmation  to  be  reached  for  gypsum  in  many  cases  without  that  for  rock- 
salt  being  attained.  This  may  be  the  reason  why,  although  the  h^u 
contains  sixteen  times  as  much  salt  as  it  does  gypsum,  that  the  latttfr 
more  frequently  occurs  as  a  mineral  deposit  than  the  forhier,  thou^li  iir»t 
often  in  such  great  masses. 

It  has  been  suggested  that,  in  consequence  of  the  greater  spL-cific 
gravity  of  sea  water  increasing  with  the  quantity  of  salt  it  contains,  an<l 
the  evaporation  at  the  surface  causing  a  perpetual  increase  in  the  siilt 
of  the  surface  water,  that  a  part  of  the  water  which  holds  a  larger  quan- 
tity of  salt  in  solution  than  the  rest,  may  sink  to  the  bottom  of  the  a«i, 
and  that  this  process  may  be  continued  imtil  the  lower  stnita  be  sjitu- 
rated  with  salt,  and  precipitation  take  place.  The  circuLitiiig  cun'ents 
of  the  ocean,  however,  keep  up  such  a  constant  mixture  of  its  waters,  as 
would  seem  altogether  to  prevent  tliis  action ;  and  even  in  deep  hollows 
and  basins,  such  as  the  Mediterranean,  separated  by  a  shallower  bar 
(1320  feet  at  the  deepest)  from  the  bed  of  the  ocean,  tlie  traction  of  the 
currents  passing  over  this  is  sufficient,  AccortUng  to  Maury  (Pliysical 
Geography  of  the  Sea),  to  prevent  any  accumulation  of  denser  and  sjilter 
water  at  the  bottom. 

In  isolated  seas,  such  as  the  Deacl  Sea,  where  the  water  is  entirely 
saturated  with  salt,  evaporation  doubtless  causes  a  precipitation  on  its 
lied  {Bisckof,  p.  400).  Here,  and  in  shallow  lagoons,  such  as  the  linians 
of  Bessarabia,  south  of  Odessa,  that  dry  up  in  sunmier,  we  have  tlm 
formation  of  rock-salt  going  on  before  our  eyes. 

In  fresh-water  lakes  sulphate  of  lime  may  be  deposited,  t-itht-r 
directly,  the  water  becoming  satumted  with  that  substance,  or  in  consi*- 
quence  of  springs  or  rivers  containing  sulphuric  acid,  which  convert 
into  sulphates  the  carbonates  of  the  marls  and  «jalcareous  muds  already 

Q  2 
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deposited.  In  some  instances  chemical  reactions,  such  as  the  oxidation 
of  iron  pyrites  (bisulphiiret  of  iron),  and  that  of  sulphuretted  hydrogen, 
may  be  supposed  to  take  place,  producing  sulphuric  acid,  which  imme- 
diately acts  on  any  carbonate  of  lime  that  it  can  reach. 

Carhon  may  be  looked  upon  as  essentially  an  oi^ganic  element. 
Wherever  we  find  carbonaceous  matter  in  rocks,  therefore,  we  may 
suspect  it  to  have  been  derived  from  organic  substances.  Even  the 
diamond  is  now  believed  to  be  a  crystallized  gum,  or  other  vegetable 
product,  and  graphite  may  in  like  manner  be  looked  upon  as  a  possible, 
if  not  a  probable,  result  of  the  metamorphosis  of  either  animal  or  vege- 
table substance  into  a  mineral  Even  the  purest  graphite  contains  traces 
of  earthy  matter,  diminishing  its  claims  to  be  considered  an  origuial 
independent  substance. 

Carbon  enters  into  the  composition  of  animal  matter,  but  its  most 
abundant  source  is  the  vegetable  kingdom. 

Again  taking  Biscliof  as  a  guide  in  the  explanation  of  the  conver- 
sion of  the  oi-ganic  substance  wood  into  the  rock  which  we  call  coal,  I 
abstract  some  of  his  results  in  the  following  remarks  (see  Bischof,  vol.  i., 
cliap.  15) : — 

The  following  Table  contains  the  mean  composition  of  Wood,  tlie 
mean  of  three  analyses  of  Peat,  of  four  sets  of  analyses  of  Lignite,  coni- 
])ri8ing  twenty  specimens,  of  sixty-seven  analyses  of  Coal,  and  the 
extreme  of  several  analyses  of  different  kinds  of  Anthracite. 

Composition  op  Carbonaceous  Substances 


Carbon. 

Uydrogen. 

Oxygen  and 
Nitrogen.* 

Earthy  Sulmtaiices    i 
or  Ash. 

Wood        . 
Peat 

Lignite     . 
Coal 

Anthracite 

i 

49.1 
54.1 
69.3 
82.1 
95.0 

6.3 
5.6 
6.6 
5.5 
3.92 

44.6 
40.1 
25.3 
12.4 
3.45 

Min.            Max. 

4.6     to  10.0 
0.8    to  47.2 
0.24  to  35.5 
0.94  to     7.07 

It  will  be  at  once  perceived  that  the  earthy  substances,  or  ash,  must 
l)e  looked  upon  as  accidental  extraneous  mixtures  which  have  not  been 
included  in  the  percentages  of  the  essential  constituents  of  the  carbona- 
ceous substances.  While,  too,  the  mean  composition  has  been  given  for 
peat,  lignite,  and  coal,  the  extreme  has  been  taken  for  anthracite,  to 
contrast  with  that  of  wood,  which  may  be  looked  on  as  the  extreme  in 
tlie  other  dii-ediou. 

The  quantity  of  nitrogen  is  very  small,  so  that  for  our  purposes  it  may  be  neglected. 
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The  (liffereuce  between  coal  and  antliracite  is  an  arbitrary  distinc- 
tion which  would  vary  in  the  opinion  of  different  observers  and  experi 
menters,  one  man,  perhaps,  calling  the  very  same  substance  coal  wliich 
another  would  consider  to  be  anthracite. 

The  first  thing  we  leam  from  the  examination  of  this  table  is,  that 
the  rocks  anthracite  and  coal  are  essentially  different  in  composition 
from  any  other  rocks  that  have  hitherto  been  spoken  of.  We  have  not 
hitherto  found  any  rock  more  than  half  of  which  is  pure  carbon. 

The  next  thing  we  leam  is,  that  there  is  a  regular  gradation  from 
the  chemical  composition  of  these  rocks  through  that  of  lignite  an«l 
peat  (or  turf)  into  that  of  actual  wood  or  living  vegetable  substance. 

No  other  rock  exhibits  anything  approaching  to  this  composition, 
wliich  is  in  itself  a  strong  "  a  priori"  argument  in  favoiu*  of  the  rock 
coal  having  been  derived  from  plants,  in  the  same  way  that  we  uui  see 
peat  derived  from  plants  before  our  eyes,  and  feel  sm-e  that  lignite  is  st> 
derived,  because  it  retains  the  vegetable  fibre,  and  often  the  form,  of  wood. 

The  change  from  one  substtmce  to  the  other  seems  to  take  place 
chiefly  by  the  abstraction  of  oxygen,  and  a  certain  amount  of  condensii- 
tion  or  diminution  of  bulk  in  the  resulting  mass. 

If,  therefore,  we  suppose  wood  (or  vegetable  matter)  buried  under 
accumulations  of  more  or  less  porous  rock,  such  as  sandstone  and  shale, 
80  that  it  might  be  partially  decomposed,  and  some  of  its  elijments  enter 
into  new  combinations,  either  gaseous  or  liquid,  those  combinations 
always  using  up  a  greater  quantity  of  oxygen  and  nitrogen  than  of 
carbon  and  hydrogen,  or  of  oxygen  and  hydrogen  than  of  carbon,  we 
should  have  the  exact  conditions  for  the  transformation  of  vegetable 
matter  into  coal. 

This  process  might  naturally  take  place  in  four  ways  : — 
Isty  By  the  separation  of  carbonic  acid  gas  (consisting  of  two   equi- 
valents  of   oxygen  and   one  of   carbon  =  CO'')   and  carburetted 
hydrogen  (consisting  of  four  equivalents  of  hydrogen  to  two  of 
carbon  =  C^  H*)  fi-om  the  elements  of  the  wood. 
2(/,  By  the  separation  of  carbonic  acid  from  the  elem  ^nts  of  the  wood, 
and  the  oxidation  of  some  of  the  hydrogen  (?>.,  its  conversion  into 
water  =  HO)  by  combination  with  external  oxygen. 
3(/,  By  tlie  separation  of  both  the  carbonic  acid  and  the  water  from  tlie 

elements  of  the  wood. 
4t/i,  By  the  separation  of  all  three  substances,  carbonic  acid,  carburetted 
hydrogen,  and  water,  from  the  elements  of  the  wooil. 

The  loss  of  carbon  is  greatest  in  the  first  case,  and  least  in  the 
third,  being  always  greater  in  proportion  to  the  quantity  of  carburetted 
hydrogen  which  is  disengaged.* 

•  See  also  a  very  dear  explanation  of  this  subject  in  RonahVs  and  Richardson's  Chemical 
Technology,  vol.  i.,  p.  31. 
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When  wooil  or  vegetable  matter,  then,  is  buried  nndei'  circiuti- 
atancca  which  nllow  of  the  extrication  of  these  substances  from  it,  in 
the  course  of  its  decompoBition,  it  muie  become  converted  into  coat  ; 
the  extreme  result  of  the  process  being  to  give  us  first  anthracite,  con< 
taining  [lerhaps  94  per  cent  of  carbon,  and  finally  graphite,  whicli  is 
either  pure  carbon  itself,  or  that  substance  mingled  with  others  whicli 
are  here  excluded  from  consideration  as  not  being  among  the  element,- 
of  wood,  and  wliich  it  may  have  acquired,  during  the  process  of  con- 
version, from  external  sources. 

The  great  quantities  of  carbonic  acid  gas  (choke  damp)  and  iiii- 
Imretted  liydrogen  (fire  damji)  met  with  in  coal  mines,  shews  tlie  fmt 
of  the  large  extrication  of  these  substances,  and  corroborates,  if  neeil 
were,  this  explanation,  Heservoira  of  these  gases  in  a  higlily  com- 
pressed state  are  often  found  to  be  pent  up  in  the  crevices  and  cavitii-^i 
of  coal  bedfl,  and  are  the  cause,  wlien  tapped,  of  many  of  the  accident:! 
which  take  place.  Some  betts  of  coal  are  so  saturated  with  gas,  that, 
when  cut  into,  it  may  be  heard  oozing  from  every  pora  of  the  rock,  and 
the  coal  is  called  "  singing  coal "  by  the  colliers. 

Biachof  shews,  that  "  tmder  circumstances  otherwise  similar,  tli<' 
conversion  of  vegetable  substances  into  coal  takes  place  in  the  sanii: 
way,  whether  they  are  mixed  witli  much  or  little  earthy  matter."  Hi? 
also  believea,  from  Kremers'  and  Taylor's  iuvestigatioue  into  the  natun' 
of  the  ash  of  coal,  that  there  was  an  intimate  mixture  of  vegetable  an<I 
eartliy  substances,  and  that  coal  containing  earthy  matter  could  not  be 
formed  from  conijiact  wood  without  previous  decay  having  token  place 
(vol.  i.,  p,  269).  He  seems  to  suppo,se  that,  in  many  instances,  this 
decay  has  gone  so  far  as  to  conveit  Ihe  vegetables  into  "  mould,"  whicli 
lias  been  drifted  as  a  Idnd  of  vegetable  mud,  and  when  mixed  n-itli 
farthy  matter,  deposited  under  water  in  the  place  where  we  now  find 

As  to  the  circmustances  which  caused  such  great  masses  of  vegetalde 
matter  tlint  once  grew  on  the  surface  of  the  earth  to  be  buried,  and 
oft«n  so  deeply  buried,  in  the  interior  of  its  crust,  we  will  defer  tlii'ir 
iliscnssion  to  a,  future  chapter,  after  having  described  the  movements 
tliat  take  phice  in  tlie  earth's  crust. 

General  Coiictiiti'oa. — The  student  will  have  learnt  from  what  hiL-i 
Inien  slated  in  this  chapter,  tliat  iu  adilitioii  to  the  ruder  mcchanlcjil 
forces  which  are  always  necessarily  at  work  in  modifying  the  surface  of 
the  earth,  thcnj  arc  other  more  subtle  i^ncies  engaged  in  the  same 
operation.  Chemical  force  acts  not  only  through  the  power  of  heni, 
Imt  also  tlirougli  those  of  liquids  and  gases,  in  separating  the  con- 
stituents of  rocks  and  earths,  and  diffusing  them  through  the  air  and 
Ihe  waters  of  the  globe,  and,  where  the  necessary  conditions  an' 
jiresent,  causing  those  constituents  to  enter  into  new  combinations  and 
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to  pRNfaue  now  xocks,  or  to  leproduce  preyioos  fonns  of  combination 
in  new  ritnationwL  It  bIbo  prepares  many  materials  which  enter  into 
the  eompoflitvm  of  rocks  for  the  action  of  organic  life,  which,  by  a 
neirar  and  m  higher  power  than  a  merely  chemical  one,  makes  nse  of 
tiie  nutezuls  thus  made  ready  for  it,  and  moulds  them  into  varions 
ftnoSi  which  oontribnte  towards  the  elaboration  of  the  complex  structure 
of  the  cnut  of  our  globe. 

YegetableB  ohiefly  existing  in  the  air  extract  &om  it  the  substance 
caibQiiy  and  by  the  hidden  processes  of  life,  compel  it  to  enter  as  a  solid 
and  Tiaible  rahstanoe  into  the  composition  of  their  own  bodies. 

Awhnalii  living  in  the  sea  in  like  manner  extract  lime  from  its 
inviable  and  almost  inappreciable  solution,  and  similarly  render  it  a  solid 
ccuutitaent  of  many  parts  of  their  own  structure. 

Land  animals  and  aquatic  plants  equally  secrete  these  and  other 
svibetanees ;  air  and  water  in  all  cases  combining  to  produce  the 
reraltSy  and  the  vital  energy  of  plants  and  animals  reciprocally  acting 
and  reacting  in  support  of  each  other. 

Mineral  matter  is  thus,  after  being  subject  to  the  destructive  agency 
of  mechanical  force,  and  after  appai'ently  disappearing  under  that  of 
chemical  action,  brought  back  to  the  solid  form  by  the  power  of  life, 
and  having  served  the  purposes  of  organic  beings,  is  delivered  over  as 
dead  matter  to  enter  again  into  the  merely  mineral  composition  of  the 
earth,  and  ultimately  to  perform  the  same  eternal  round  at  some  future 
and  perhaps  for  distant  period. 

We  build  our  houses  by  aid  of  materials  derived  from  animals  that 
perished  thousands  of  ages  ago,  and  we  warm  and  light  them  from 
those  of  equally  long  perished  plants,  restoring  to  the  atmosi)here  the 
carbon  that  floated  in  it  at  a  still  earlier  period,  and  ultimately  to  the 
dust,  and  then  to  the  waters  of  the  earth,  the  lime  that  was  formerly 
dissolved  in  them. 


Description  op  the  Chemically  and  Orgaxically  formed 

AgUEOUH  ROCKH. 

,54.  Limestone  may  be  hard  or  soft,  compact,  concretionary,  or 
crystalline,  consisting  of  pure  carbonate  of  lime,  or  containing  silica, 
alimiino,  iron,  ete.,  either  as  mechanical  admixtures,  or  as  chemical  de- 
])osit8  along  with  it. 

Different  varieties  of  limestone  occur  in  different  localities,  both 
geographical  and  geological,  peculiar  foniLS  of  it  being  often  confined  to 
]>articular  geological  formations  over  wide  are^s,  so  that  it  is  much  more 
frequently  possible  to  say  what  geological  formation  a  specimen  was 
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derived  from,  by  the  examination  of  its  lithological  characters,  in  the 
case  of  limestone,  than  in  that  of  any  other  rock.* 

Compact  limestone  is  a  hard,  smooth,  fine-grained  rock,  generally 
bluish  gray,  but  sometimes  yellow,  black,  red,  white,  or  mottled.  It 
has  either  a  dull  earthy  fracture,  or  a  sharp,  splintery,  and  conchoidal 
one.  It  will  frequently  take  a  polish,  and  when  the  colour  is  a  pleas- 
ing one,  is  used  as  an  ornamental  marble. 

Cri/stalline  limestom  may  be  either  coarse  or  fine-grained,  varying' 
from  a  rougli  granular  rock  of  various  colours,  to  a  pure  white,  fine- 
grained one,  resembling  loaf  sugar  in  texture.  This  latter  variety  is 
sometimes  called  sacchurine,  sometimes  stat^iary  marble.  The  crj^stalline 
structure  of  Ihnestone  is  either  original,  when  it  is  often  found  that 
each  crystal  \a  a  fragment  of  a  fossil,  or  it  has  been  superinduced  by 
metamorphic  action  on  a  limestone  formerly  compact 

Chalk  is  a  wliite,  fine-grained  limestone,  sometimes  quite  earthy  and 
pulverulent,  sometimes  i-ather  harder  and  more  compact,  as  the  chalk 
of  the  north  of  Ireland,  and  some  of  that  of  the  north  of  France, 

Oolite  is  a  limestone  in  which  the  mineral  has  taken  the  form  uf 
little  spheroidal  concretions,  and  the  rock  looks  like  the  roe  of  a  fish, 
from  which  its  name,  signifying  eggy  or  ro^-stone,  is  derived.  These 
little  concretions  have  several  concentric  coats,  sometimes  hollow  at 
the  centre,  sometimes  enclosing  a  minute  little  grain  of  siliceous,  or 
calcareous,  or  some  otiier  mineral  substance.  It  is  commonly  of  u 
dull,  yellow  colour,  but  gray  oolitic  limestone  is  not  unfrequent.  Its 
peculiar  structure  gives  it  the  character  of  a  freestone,  working  easily 
in  any  direction  ;  whence  its  value  as  a  building  stone. 

Bath  stone,  Portland  stone,  Caen  stone,  are  well-known  examples  of 
oolitic  limestone,  but  the  oolitic  structure  is  by  no  means  confined  t<» 
what  is  known  as  the  Oolitic  formation,  since  many  parts  of  the  Carbon- 
iferous limestone  of  Ireland  t  are  equally  oolitic  and  highly  valued  as 
building  stone,  and  the  structure  occurs  even  among  the  recent  lunt-- 
stone  of  coral  reefs. 

Pisolite  is  a  variety  of  oolite,  in  which  the  concretions  become  as 
large  as  peas.  A  pisolitic  limestone  near  Cheltenham  is  spoken  of  by 
the  quarrymen  as  the  "/^ea  grit"  It  is  a  structure  not  confined  to 
limestone,  however,  as  other  rocks  or  minei-als  occasionally  assimie  it. 

*  No  experienced  British  geologist  would  be  likely  to  confound  characteristic  specimens 
of  the  limestones  of  the  Silurian,  Carboniferous,  Oolitic,  and  Cretaceous  formations  of  Britain 
and  Western  Europe,  while  no  one  could  pretend  to  distinguish  with  certainty  fW)m  mere 
lithological  characters  between  the  ai^gillaceous  or  arenaceous  rocks  of  those  diflferent  for- 
mations. 

t  The  limestone  in  the  neighbourhood  of  Edenderry  in  county  Kildar«,  and  large  parts 
of  the  Carboniferous  limestone  of  the  counties  of  Limerick,  Tipperary,  Queen's  Coimty,  and 
Mayo,  are  perfectly  oolitic  in  structure,  sometimes  more  regularly  bo  than  the  majority  of 
the  oolites  belonging  to  that  which  is  called  the  Oolitic  fonnatioo. 
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Many  limestones  are  named  from  their  containing  some  peculiar 
variety  of  fossil,  as  Nummidite^  Clymenia,  Crinoidal  limestone,  and  Shdl 
limestojif,  or  Muschell'M, 

Others  have  local  names  given  them,  as  the  Calcaire  groisier  of  Paris, 
a  coarse  limestone,  some  beds  of  which  are  used  for  building,  while 
others  are  a  mass  of  broken  shells. 

Ci}H>lino  is  a  granular  limestone  containing  mica  ;  Majolica^  a  white, 
compact  limestone  ;  Scaglia^  a  red  limestone  in  the  Alps. — (Murchison 
and  Nicol,  in  JohnMovUs  Physical  Atlas) 

Ireland  especially  abounds  in  a  great  variety  of  limestones  used  for 
ornamental  marbles,  such  as  the  green  serpentine-marble  of  Ballyna- 
hinch  in  Qalway,  the  black  marble  of  Kilkenny,  the  brown,  red,  and 
dove-coloured  marble  of  Cork  and  Armagh  ;  and  many  others  less 
known,  and  some  of  them  imworked,  but  equally  beautiful,  with  those 
that  are.  In  Derbyshire  and  North  Staffordshire,  we  have  a  similar 
abundance  of  ornamental  marbles. 

Fresh  water  limestones  have  commonly  a  peculiarity  of  aspect,  from 
which  their  origin  may  sometimes  be  suspected,  even  before  examining 
their  palseontological  contents,  or  petrological  relations.  They  are  gene- 
rally of  a  very  smooth  texture,  and  either  dull  white  or  pale  gray,  their 
fracture  only  slightly  conchoidal,  rarely  splintery,  but  often  soft  and 
earthy. 

Travertine  when  massive,  is  generally  of  a  yellow  or  brown  colour, 
and  a  smooth  and  compact  texture,  but  is  sometimes  i>erfectly  ciystal- 
line.  It  is  often  mottled  with  concentric  spheroidal  bands  of  colour, 
from  an  inch  to  several  feet  in  diameter. 

Stalactites  and  Stalagmites  are  usually  white  or  pale  yellow  in  colour, 
but  sometimes  of  a  darker  yellow  or  bro^Mi  colour.  They  are  com- 
monly wrinkled  externally  in  little  ridges,  taking  the  form  of  the  water 
that  trickled  over  the  surface ;  internally  they  exhibit  concentric 
coats  due  to  the  method  of  their  gradual  deposition  by  successive  films. 
It  often  happens,  however,  that  mdiating  crystalline  fibres,  or  even 
crystals  half  inch  in  diameter  traverse  many  of  these  fibus  without 
obliterating  them,  so  that  the  whole  has  become  perfectly  cr^'^stalline 
internally,  subsequently  to  the  formation  of  the  concentric  coats,  and 
while  yet  additional  concentric  coats  are  being  added  externally. 

Flint  and  Chert, — The  association  of  flints  with  Chalk  is  well  known. 
Chalk  flints  occur  as  rounded  nodular  masses,  of  very  irregular,  and 
sometimes  fantastic  shape,  and  of  all  sizes,  up  to  a  foot  in  diameter. 
They  are  commoidy  white  outside,  but  internally  are  of  various  shades 
of  black  or  brown,  sometimes  passing  into  white.  They  have  some- 
times concentric  bands  of  black  and  white  colours  internally,  and 
exhibit  markings  derived  from  organic  bodies  round  which  they  have 
ofti'u  been  formc»d.     Flint  occurs  in  the  Chalk  not  only  in  nodules,  but 


1 44  FLINTS  IN  LIMESTONES. 

aim  in  seams  or  layers,  aometimea  short  and  irregular,  sometinies 
rejfular,  over  a  distance  of  several  yards.  These  seams  vary  from  half 
iin  inch  to  two  inches  in  thickness,  and  ore  commonly  black  in  colour. 


Sketch  of  Home  Ixitt  of  UuicBtone  L-uiitdlitlng  nodiilt 
n  I>erbyshire,  In  which  tlie  fcngnlnr  nod  rnnUatli:  ■) 
veil  eitalbiMil,  u  ilBO  UiFir  UkenoH  to  ll[nta  In  the  Cbi 


whll«  cheit,  at  U[<lcllclj>n  »oo 


Alnioat  ail  kr^e  uiiuse»  of  limestone  liave  their  flints  or  silioeotis 
i-iiiicrt>tions.  Tliene  are  freijuently  called  e/i^'t,  m  in  the  Carboniferous 
limestone,  where  tint 
nodules  and  layciti  of 
chert  exactly  reaenilile 
the  flints  in  the  Chalk. 
Even  the  tertiary 
limeatones  around  Paris 
have  their  flints,  tlir 
menilite  of  that  locality 
being  nothing  but  ]i 
siliceous  concrcticm, 
found  in  the  Calcaire 
St.  Ouen,  and  possibly 

Pure  riliceoufl  <oii- 
u„-un:.  cretions  occur  even  iu 

the  fresli-water  lime.ftones  and  jy]>8iim  beils  of  Montinarlre. 

Silieeout  Llutrttoix. — The  sUica  diffused  tliroui^h  the  calcareous 
mad,  of  which  the  limeslnnc  was  composed,  has  sometimes  reimiined  i^- 
tlilfu^,  instead  of  separating  as  nodules  or  layers,  producing  a  clieiii/ 


■r  »ilic 


ArffiUacfom  Limtrtonf. — Clav,  i 


aigillaeeoUB  matter,  has  fretjue 
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been  deposited  witli  the  calcareous,  producing  argillaewuB  limestone, 
wUch  may  be  known  bj  the  earthy  odour  given  out  by  it  when 
breathed  upon. 

When  the  argillaceoua  haa  been  mingled  with  the  calcareous  matter 
in  very  large  proportion,  a  subsequent  separation  of  the  two  has  often 
taken  place,  the  lime  having  segregated  itself  from  the  mass  in  (his 
case,  as  the  siliceous  separated  from  the  calcareous  matter  in  the  case 
of  flints  and  chert  Nodular  lumps  of  limestone  are  then  produced, 
divided  from  each  other  by  little,  often  irregular,  seams  and  layers  of 
ahale  or  day.  These  concretionary  lumps  of  limestone  are  sometimes 
merely  scattered  through  the  clay,  but  they  often  form  regular  seams 
or  beds,  the  upper,  or  under,  or  both  surfaces  being  uneven  and  nodular. 

It  is  sometimes  difficult  to  say  whether  the  little  parting  films  and 
small  seams  of  clay  which  occur  between  the  beds  have  been  deposited 
at  different  times  from  the  calcareous  matter,  or,  having  fallen  together 
with  it  as  an  argiUo-calcareous  mud,  have  had  their  calcareous  particles 
socked  out  of  them,  as  it  were,  by  the  segregating  influence  of  chemical 
affinity.  It  is  by  no  means  intended  to  infer  that  alternate  deposits  of 
thin  layers  of  calcareous  matter  and  purely  argillaceous  or  arenaceous 
matter  have  not  frequently  occurred  ;  we  only  wish  to  put  the  student 
on  his  guard  against  particular  utnictures  a.s  proofs  of  original  deposit, 
which,  especially  in  so  active  and  unstable  a  substance  08  carbouate  of 
lime,  may  in  many  instances  be  the  result  of  subsequent  agency. 

Hifdraulic  Limestone. — Limestone  cimtaining  a  considerable  propor- 
tion of  silica  and  alumina  fuiins  a  mortar  that  sets  under  water,  and  is, 
therefore,  called  hydraulic  lime,  Tlie  limestone  from  which  Parker's 
cement  is  formed  contains  carbouate  of  lime,  62  pi^r  cent ;  carbonate  of 
iron,  6  ;  silica,  15  ;  alumina,  5  ;  water,  6  per  cent,  and  some  oxide  of 
iron. — {Penny  Cyclopaidia,  article  Mortar) 

Carhonaceoas  or  Bituminous  Limestone, — Carbonaceous  matter,  de- 
rived either  from  decaying  veg(itables,  or  perhaj^s  more  fretjuently  from 
the  decomposing  animals  of  whose  hard  i>arts  the  rock  is  composed, 
produces  in  like  maimer  the  black  limestonesy  which  are  in  some  instances 
called  bituminous  limestones.  Little  nests  of  pure  anthracite,  or  other 
variety  of  carbonaceous  matter,  are  sometimes  found  in  the  hollows  of 
shells  buried  in  limestone. 

Fetid  Limestone  or  Slinkstein, — The  fetid  smell,  like  that  of  sulphu- 
retted hydrogen  gas,  given  off  by  many  limestones  when  struck  with  a 
hammer,  is  probably  another  result  of  the  decomposition  of  animal 
matter,  producing  wliat  is  called  ^\fetid  limestone J^  or,  by  the  Germans, 
"  stinksteinr  Some  of  the  limestone  quarries  in  the  Carb<miferous  lime- 
stone of  Ireland  may  be  smelt  at  a  distance  of  a  hundred  yards  when 
the  men  are  at  work^ 

Arenaceous  Limestone  or  Cornstone. — Calcareous  sandstone  was  de- 
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scribed  in  the  preceding  chapter,  and  an  arenaceous  limestone  is  very 
much  the  same  thing.  Sometimes,  however,  the  calcareous  matter 
predominates  so  largely  over  the  arenaceous  that  the  rock  is  fairly 
entitled  to  the  name  of  a  limestone.  Some  comstones  are  quarried  and 
burnt  for  lime,  not  differing  in  composition  from  a  slightly  siliceous- 
looking  limestone,  and  being  either  compact  or  semi-crystalline  in 
texture. 

Con{jl(yment{c  Limestone. — Some  limestones  contain  angular  or 
rounded  fragments  of  other  rocks,  and  thus  become  a  conglomerate. 

In  the  county  of  Dublin,  some  of  the  limestones  belonging  to  the 
Carboniferous  formation  contain  fragments  of  trap,  grit,  or  slate,  varjing 
in  size  from  a  mere  sand  up  to  blocks  of  eighteen  inches  in  diameter, 
and  in  quantity  from  a  few  disj^ersed  pieces  scattered  through  the  lime- 
stone till  they  become  a  mere  conglomerate  of  other  materials, 
cemented  by  an  almost  invisible  paste  of  calcareous  matter. 

In  the  county  Limerick  we  find,  in  like  manner,  gradations  from 
pure  limestone,  containing  a  few  chips  of  trap  and  ash  or  a  few  layers 
of  trappean  sand,  up  to  a  calcareous  brecciated  ash,  consisting  of  such 
a  mixture  of  calcareous  and  trappean  materials  that  it  is  difficult  some- 
times to  say  whether  any  particular  bed  should  be  called  a  limestone 
or  a  trappean  ash. 

In  other  parts  of  the  county  Dublin  from  those  above  mentioned, 
and  in  the  more  inmiediate  neighbourhood  of  the  granite  hills,  the 
limestone  contains  fragments  of  granite  varying  in  the  same  way  as 
regards  size  and  shape,  but  frequently  quite  angular,  and  several  inches 
in  diameter.  These  were  first  described  by  Dr.  Lentaigne  in  a  paper 
read  before  the  Royal  Dublin  Society  in  1851,  and  a  number  of  speci- 
mens were  sent  by  him  to  the  Great  Exhibition  in  London  of  that 
year.  They  were  subsequently  brought  before  the  notice  of  the  Geo- 
logical Society,  Dublin,  by  Professor  Haughtom  Flat  slabs  of  mica 
schist  have  since  been  found  embedded  in  the  limestone  of  Milltown, 
near  Dublin,  by  Mr.  Carroll  and  others. 

These  imrounded  fragments  of  granite  and  mica  schist  may  have 
been  derived  from  the  waste  of  pinnacles  of  the  rock  forming  islets  in 
the  soa  in  which  the  limestone  was  deposited,  or  they  may  in  some 
cases  have  been  floated  in  the  roots  of  trees  and  other  vegetables,  just 
as  in  the  present  day  pebbles  of  hard  stone,  highly  valued  by  the 
natives,  are  fotmd  in  the  roots  of  trees  cast  up  upon  the  shore  of  archi- 
pelagoes of  coral  islands  in  the  Pacific,  as  mentioned  by  Chamisso  and 
Darwin. 

Mr.  Godwin  Austen  has  described  the  occurrence  of  a  boulder  of 
Scandinavian  granite,  with  sand  and  a  pebble  of  greenstone,  in  the 
Chalk  near  Croyden,  which  he  believes  were  transported  by  ice  from 
northern  latitudes.— (§.  J.  OeoL  Soc.,  voL  xiv.,  p.  262). 


MAGNESIAN  LIMESTONE.  147 

Bottenstone, — ^Wherever  a  siliceous  limestone  is  weathered  or  decom- 
posed by  the  action  of  the  atmosphere,  and  the  calcareous  part  removed, 
the  siliceous  skeleton  of  the  rock  is  left,  producing  what  is  known  as 
rottenstone. 

In  arenaceous  limestones,  or  calcareous  sandstones  or  ashes,  a  similar 
dark  coloured,  more  or  less  rotten  rock  is  left  by  the  weathering  out 
and  removal  of  the  calcareous  matter. 

Magnesian  Limestone, — Carbonate  of  magnesia  is  often  found  in 
marine  limestones,  mingled  in  various  proportions  with  the  carbonate 
of  lime.  Its  occurrence  in  small  quantity  frequently  gives  a  sandy 
appearance  and  gritty  feel  to  an  otherwise  smooth  and  compact  lime- 
stone. 

In  a  true  magnesian  limestone  or  dolomite,  the  crystallization  and 
the  pearly  lustre  is  generally  very  distinct,  though  sometimes  the  crystals 
are  minute.  Its  colour  is  commonly  some  shade  of  brown  or  yellow, 
occasionally  tinged  with  red  ;  white,  gray,  or  black  varieties,  however, 
occur  sometimes  over  very  large  areas.  Dolomite  is  frequently  full  of 
cavities  from  the  size  of  walnuts  up  to  that  of  a  man's  head,  and  these 
are  often  coated*  with  crystals  of  bitter  sj)ar.  Dolomite  is  often  quite 
disintegrated,  and  looks  like  a  mere  sand  ;  but  when  examined  by  the 
lens,  this  apparent  sand  is  foiuul  to  consirtt  of  little  detached  ciystals. 

Magnesian  limestone  is  very  variable  in  lithological  character.  It 
is  sometimes  of  a  powdery,  earthy,  and  friable  texture ;  sometimes  splits 
into  thin  slabs,  some  of  which  aiti  flexible  ;  sometimes  forms  singular 
concretionary  masses,  a  number  of  balls  touching  each  other,  either  like 
bunches  of  grapes,  when  it  is  called  botryoidal,  or  like  musket  balls, 
or  great  piles  of  cannon  shot.  Many  of  these  balls,  on  being  broken 
open,  are  found  to  have  a  radiateil  structure.  That  all  these  curious 
forms  have  been  produced  subsequently  to  the  deposition  of  the  mass, 
is  shewn  by  the  fact  of  the  lines  of  deposition  or  stratification  proceed- 
ing through  them  regulaily,  without  regard  to  the  spherical  outlines  or 
radiated  structure  of  the  balls. 

Magnesian  limestone  occurs  in  two  fonns,  original  and  metamorphic. 
In  some  limestones,  the  carbonate  of  magnesia  has  clearly  been  depo- 
sited together  with  the  carbonate  of  Ibne,  the  whole  having  been 
originally  formed  as  a  magnesian  limestone.t 

In  other  instances,  it  can  be  shewn,  from  the  geological  conditions, 
that  whether  the  rock  originally  contained  magnesia  or  not,  its  present 
distribution  and  mode  of  occurrence,  and  its  highly  crystalline  structure, 

•  Any  cavity  in  any  rock  lined  with  crystals  of  any  substance  is  called  a  dnisy  cavity. 

t  Mr.  Sterry  Hunt  has  some  valuable  observations  on  dolomite  in  the  Reports  of  the 
progress  of  the  geological  survey  of  Canada  for  the  years  1857  and  18GS.  He  shews  that,  in 
lakes,  or  in  detached  seas  having  no  outlet,  the  dej^sition  of  gypsum  and  bicarbonate 
of  magnesia  may  readily  take  place  as  the  result  of  the  mutual  decomix)sition  of  bicarbonate 
of  lime  and  sulphate  of  magnesia. 
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are  the  Ksult  of  Agencies  operating  Babsequently  to  the  original  forma- 
tion of  the  rock,  and  affecting  a  number  of  diiferent  heds  aimiillaneouslv, 
along  certain  narrow  lines  of  fissure,  to  the  neighbourhood  of  vbiuh  the 
dolomitiied  condition  of  the  rock  is  confined.  These  reins  or  dyku-like 
masses  of  dolomite  sometimes  look  like  trap  dykes  ninning  throii^'h 
beds  of  ordinary  limestone. 

57.  Oi/ptum  occurs  ss  a  rock  in  Tarious  ways.  It  sometimes  funns 
regular  beds,  sometimes  irregular  concretionary  masses,  sometioies  veins 
and  Btrings  in  the  mass  of  other  rocks. 

Compact  Oj/ptum  or  Alabaiter*  is  one  variety  ;  gronular,  finely 
pryekiUiiie  gypsum  another.  The  thin  beds  and  the  veins  and  strings 
of  gj-[)sum  are  commonly  fibrous,  the  fibres  being  at  right  angles  to  the 
be<ls.  The  gyjisum  of  Montmartre,  from  which  plaster  of  Paris  is 
derived,  is  cliiefly  granular  g3^um,  each  b^  being  composed  of  many 
layers  of  little  crystals,  eli)^tly  differing  in  colour  and  texture,  and 
thus  assuming  a  r^ularly  laminated  appearance.  This  woidd  lead  ua 
to  suppose  tlmt  this  rock,  which  is  associated  with  fresh-water  limestones 
and  marls,  was  formed  by  the  periodical  deposition  of  layets  of  sniall 
crjstals  of  sidihale  of  hme  at  the  bottom  of  the  water 

In  August  ld05  I  observed  m  tl  c  quamea  north  of  Montmartre 
one  or  two  beds  six  or 
ei^ht  inches  m  thickness 
of  beautifully  ciystalliied 
sulphate  of  lune  in  large 
perpendicular  plates  iul*r 
stratified  with  tl  ese  littk 
1  yers  of  crystak  All  tl  e 
bedi  were  homontal  an  1 
the  layers  of  small  crj  stal 


gran 


parallel  to  the  stratifica 
1  on  but  in  the  beds 
above  meut  oned  large 
tabular  crjstals  aid  broad 
flakes  oE  selenite  of  rather 
irregular  form,  had  struck 
directly  across  the  bed, 
'  more  or  less  nearly  at  right 
angles  to  it,  the  original 
being  obliterated,   but  being  in  some  ]>1aces 


■ulDriTDttTDbUqne  lDth«  woodcut; 
lie  of  the  ciygUIg  Uict  rnrai  ugtm 
ne  of  tbe  bcdi. 

horizontal  lamination 

waved,  aa  if  slightly  disturbed  by  the  formation  of  the  crjstnllij 
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the  angles  of  these  wavea  having  evident  relation  to  the  faces  and  angles 
of  the  saperinduced  cxystalline  platesi. 

TTus  fonned  a  good  cose  of  a  molecular  change  of  structure,  having 
taken  place  in  the  mass  of  the  rock  subsequently  to  its  formation,  like 
that  before  mentioned  as  occurring  in  the  spheroidal  concretions  of  mag- 
nesian  limestone,  and  in  the  structure  of  stalactites  and  the  limestone 
of  coral  reefs.  It  yet  remains  for  the  chemist  to  explain  to  us  the  exact 
method  of  operation  by  which  these  changes  are  produced. 

58.  Rock-salt  commonly  occurs  in  Britain  as  a  rudely  crystalline, 
imgolarly  bedded  mass,  commonly  stained  of  a  dirty  red  by  the  mixture 
fA.  feiruginous  clay  and  other  impurities.  Perfect  cubical  and  transpa- 
rent crystals  occasionally  occur,  and  curious  spheroidal  bands,  of  a  white 
colour,  are  sometimes  observable  in  the  roof  of  a  salt  mine.  Bed-like 
masses  of  rock-salt  are  often  60  or  90  feet  thick,  thinning  out  probably 
in  all  directions,  and  thus  taking  the  form  of  large  cakes.  In  other 
countries,  more  numerous  beds  occur,  but  not  making  up  larger  masses. 
In  some  of  these,  the  salt  is  perfectly  pure  and  white  ;  but  in  all  coun- 
tries, and  in  all  geological  formations,  I  believe  I  am  correct  in  saying 
that  the  association  of  salt  with  gypsum,  and  with  green,  red,  and  varie- 
gated marls,  is  a  frequent  if  not  invariable  occurrence.  We  have  already 
seen  how  natural  and  almost  inevitable  is  the  occurrence  of  gypsimi 
with  rock-salt ;  but  tho  accompaiiiiiient  of  red  and  variegated  clays  lias 
not  yet  been  explained.  When  it  is,  it  will  probably  throw  great  light 
ou  the  circumstances  under  which  the  rock-salt  itself  has  been  deposited. 
Dolomite  is  also  often  found  in  connection  with  rock-salt 

59.  Coal  is  a  rock  the  general  aspect  and  nature  of  which  is  fami- 
liar to  everj'body.  Its  chemical  composition  lias  been  spoken  of 
already,  and  its  resemblance  to  that  of  wood,  and  the  way  in  which 
wood  might  be  converted  iiit^j  coal  by  a  slight  alteration  in  the  propor- 
tion of  its  component  parts,  and  an  accompanying  physical  consolida- 
tion (see  p.  140). 

Coal  is  very  commonly  divided  into  bituminous  and  non-bituminous. 
Xow  bitumen  is  rather  a  vague  term,  including  several  combustible 
substances,  such  as  asphalt  or  mineral  pitch,  elastic  bitumen  or  mineral 
caoutchouc,  naphtha,  petroleum,  etc.  These  bituminous  substances  ore 
all  either  fluids,  or  are  rcoilily  soluble  in  alcohol.  It  is,  however,  im- 
possible to  dissolve  any  appreciable  jwrtion  of  coal  in  alcohol,  which 
shews  that  it  docs  not  contain  any  actual  bitumen,  though  it  may  con- 
tain the  constituents  of  it.  The  natural  and  artificial  bitumens  are  the 
result  of  the  decomposition  of  vegetable  matter,  and  may  be  extracted 
also  from  coal  by  subjecting  it  to  distillation.  They  always  contain 
from  7  to  J)J  per  cent  of  hydrogen,  combined  witli  carbon  and  oxygon. 
Tlie  so-called  bituminous  coals,  then,  are  those  in  which  the  mineral- 
izing process  has  only  proceeded  to  a  certain  extent,  leaving  a  consider- 
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able  proportionate  amoimt  of  hydrogen  and  oxygen  in  their  composition  ; 
while  those  called  non-bituminous  are  those  from,  which  a  greater  quan- 
tity of  the  latter  substances  have  been  extracted,  and  a  larger  proportion 
of  carbon  left  behind.  If  the  decomposition  of  wood  results  in  the  for- 
mation of  carbonic  acid  gas,  which  takes  away  both  carbon  and  oxygen, 
or  of  carburetted  hydrogen,  which  takes  away  a  large  proportion  of 
carbon,  the  carbon  in  the  remainder  will  not  be  in  such  excessive  pro- 
portion, and  the  constituents  of  the  resulting  coal  will  more  nearly 
resemble  those  of  bitumen.  In  this  sense  they  may  be  called  bitu- 
minous coals.  K,  however,  a  large  portion  of  the  oxygen  and  hydrogen 
be  extracted,  either  as  water  or  in  any  other  form,  the  proportion  of 
carbon  in  the  remainder  becomes  excessive  compared  with  that  in  the 
composition  of  bitumen ;  and  hence  the  coals  may  be  called  noii- 
bituminous. 

Coals  vary  greatly,  not  only  in  the  proportions  of  their  essential 
constituents,-^K»rbon,  hydrogen,  and  oxygen,  but  also  in  the  amount  of 
earthy  matter  (forming  ash)  which  has  been  accidentally  and  mechani- 
cally mingled  with  those  constituents.  We  have  seen  that  the  per- 
centage of  ash  is  sometimes  as  much  as  35  per  cent  in  coals  that  have 
been  regularly  analyzed.  In  poorer  varieties  of  coal,  however,  such  as 
are  never  brought  to  market,  but  which  are  occasionally  used  in  parti- 
cular localities,  this  percentage  must  be  still  greater  ;  and  we  have  in 
nature  every  gradation,  from  i)ure  coal  into  a  mere  carbonaceous  (com- 
monly call^  bituminous)  shale  or  "  batt,'*  which  often  contains  enough 
inflammable  matter  to  give  out  flame  and  support  combustion  for  a  time 
when  burnt  with  better  coals,  but  soon  passes  into  a  lump  of  ash,  unal- 
tered in  form,  and  not  retaining  heat  longer  than  a  brickbat  would 
under  similar  circumstances.  These  halts,  shales,  or  slates,  often  accom- 
pany coal,  being  found  not  only  either  just  above  or  just  below  it,  but 
in  it,  in  the  form  of  thin  seams,  layers,  or  cakes,  which  are  often  not  to 
be  separated  from  it  without  some  trouble. 

Just  as  limestone  is  often  mingled  with  clay,  and  passes  through 
argillaceous  limestone  and  calcareous  day  (or  marl)  into  clay  itself,  so 
coal  passes  through  earthy  or  ashy  coal,  and  carbonaceous  shale,  into 
common  shale  or  clay,  no  very  hard  boundary  line  being  to  be  drawn 
between  the  many  minor  graduating  varieties  of  the  different  sub- 
stances. 

Discarding  the  impure  or  imperfect  coals,  the  recognisable  varieties 
of  good  coal  are  sufficiently  numerous.  They  may  be  grouped  imder 
three  heads, — anthracite,  ordinary  or  pit  coal,  and  brown  coal  or 
lignite. 

Btown  Coal  or  Lignite  sometimes  shews  the  structure  of  the  plants 

,  from  which  it  is  derived  but  little  altered  from  their  original  condition  ; 

stems  with  woody  fibre  "  ci-ossing  each  other  in  all  dir^tions.    It  is  of 
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a  more  or  less  dark  colour,  soft  and  mellow  in  consistence  when  freshly 
quarried,  but  becoming  brittle  by  exposure,  the  fracture  following  the 
direction  of  the  fibre  of  the  wood." — Chemical  Technology y  Rotialds  and 
Richardson^  voL  L,  p.  32.) 

"  Other  kinds  present  only  occasional  distinct  indications  of  vege- 
table structure,  and  appear  throughout  as  a  stratified  mass  of  a  dark, 
nearly  black  colour,  with  an  earthy  fracture  ;  while  in  some  varieties 
the   structure   is  still  more  dense,  and  the  fracture  is  conchoidaL" 

The  latter  varieties,  as  in  the  case  of  the  Bovey  coal  of  Devonshire, 
are  often  scarcely  distinguishable  by  any  external  characters  from  some 
varieties  of  ordinary  coaL 

Ordinary  or  Pit  Coal  has  many  varieties ;  indeed,  these  are  often  as 
numerous  as  the  different  seams  of  a  coal  field,  and  even  the  different 
beds  of  a  compound  seam  are  readily  distinguished  from  each  other  by 
the  colliers,  who  give  particular  names  to  them  ;  and  even  small  blocks 
of  these  varieties  can  be  recognised  by  them,  and  identified  with  the 
seam,  or  part  of  a  seam,  from  which  they  are  derived.  Not  only  do  the 
different  beds  of  a  compound  seam  present  distinguishable  varietie:^, 
but  it  sometimes  liapi)eu8,  that  the  very  same  identical  layer  of  coal 
changes  its  character  and  quality  in  diilereut  parts  of  it8  area.  Neither 
are  these  dLstinctions,  which  are  only  to  be  perceived  after  long  prac- 
tice, iminiportant,  since  these  varieties  have  distinct  qualities,  some  of 
them  being  better  adai^ed  to  smelting,  juid  said  to  be  "  good  fiimace 
coal  ;"  some  of  them  to  blacksmiths'  work,  or  "  good  sliop  coal ;"  others 
to  various  uses  ;  while  only  a  few,  com])aratively,  are  best  fitted  for 
domestic  purposes,  and  are  brought  to  market  by  the  coal-merchant.* — 

•  I  have  ontt*re<l  a  little  more  into  detail  on  the  subject  of  the  extreme  variation  in  the 
character  of  c<»al  than  I  might  otlienvlse  have  <lono,  because  it  has  lately  assumed  a  pmc- 
tical  inijwrtance.  Legal  trials,  involving  lar^e  sums  of  money,  have  tjiken  i)laoe,  as  to 
whether  a  certain  bed  of  coal  in  the  Lanark  coalfield,  called  **  Boj^head  or  Torbanehill  coal," 
lie  entitled  t«>  be  called  coal  or  not. 

Coal  is  a  word  in  common  use,  not  a  scientific  term  invented  to  express  a  certain  definite 
idea,  or  applicable  only  to  a  certain  definite  substance,  and  the  common  meaning  attached 
to  it  ought,  in  my  opinion,  to  be  its  legal  meaning. 

If  coal  1x3  looked  upon  as  a  **  mineral  "  in  the  strict  scientific  sense  of  that  term,  it  should, 
of  course,  be  capable  of  a  definition,  since  a  mineral  has  already  been  said  to  be  a  substan(;e 
having  "  a  definite  chemical  composition,  and  a  certain  «lofinite  fonn."  It  is,  however,  quite 
obvious  that  coal  has  neither  the  one  nor  the  other  of  these,  and  therefore  is  not  properly 
a  "mineral."  Hence  the  difficulties  met  with  by  a  number  of  chemists  and  mineralogists 
in  their  attempts  to  treat  the  Boghead  coal  as  a  mineral,  either  cht^mically  or  by  the  physical 
clianictei-s  of  col<»ur  of  streak,  hardness,  specific  gravity,  lustre,  and  so  on. 

If,  on  the  other  hand,  we  look  on  coal  as  a  rock,  which  is  the  true  method  of  regardin;; 
it,  we  an*  at  once  relit've<l  from  the  necessity  of  attempting  to  define  an  indefinite  substance, 
and  i)r«'p.ired  to  admit  as  many  gradations  of  variety  in  it  as  there  are  in  sauilstones,  lime- 
st-jnoji,  or  clays. 

Any  stratified  rock  that  would  bum,  that  is  to  .say,  one  of  which  a  fire  could  be  rnude 
and  kept  up  witliout  the  addition  of  any  other  substance,  would  be  as  fairly  entitled  to  be 
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(See  Memoirs  of  QeoL  Survey,  South  Staffoidsliire  Coalfield,  2d  edition, 
p.  18.) 

Some  idea  of  the  number  of  varieties  of  coal  may  be  gained  from 
an  inspection  of  the  report  of  the  Admiralty  Coal  Investigation  {Items, 
Oeohg,  Survey,  vol.  i.),  as  well  as  from  the  varjring  qualities  of  those 
which  we  are  in  the  habit  of  using  daily  in  our  houses.  *'  As  many 
as  seventy  denominations  of  coal  are  said  to  be  impoited  into  London 
alone." — (Chem,  Tech.) 

All  these  minute  varieties  are  conmionly  included  imder  four 
principal  heads  : — 1,  Caking  coal  ;  2,  SpUnt  or  hard  coal  ;  3,  Cherry 
or  soft  coal,  and  4,  Cannel  or  parrot  coaL 

Caking  Coal  is  so  named  from  its  fusing  or  running  together  on  the 
fire,  so  as  to  form  clinkers,  requiring  frequent  stirring  to  prevent  tlie 
whole  mass  being  welded  together.  It  breaks  commonly  into  small 
fragments  with  a  short  uneven  fracture.  The  Newcastle  coal,  and 
many  others  from  different  localities,  are  caking  coals.  They  leave 
many  cinders  and  a  dark  dirty  ash. 

Splint  or  Hard  Coal  is  well  known  in  the  Glasgow  coal  field.  It  is 
not  easily  broken,  nor  is  it  easily  kindled,  though  when  lighted  it 
affords  a  clear  lasting  fire.  It  can  be  got  in  much  larger  blocks  than 
the  caking  coals. 

"  Cherry  or  Soft  Coal  is  an  abundant  and  beautiful  variety,  velvet 
black  in  colour,  with  a  slight  intermixture  of  grey.  It  has  a  splendid 
or  shining  resuious  lustre,  does  not  cake  when  heated,  has  a  clear  shaly 
fracture,  is  easily  frangible,  and  readily  catches  fire." — {Chem,  Tech) 
It  leaves  comparatively  few  cinders,  and  its  ash  is  white  and  light.  It 
requires  little  stirring,  and  gives  out  a  cheerful  flame  and  heat.  The 
Staffordshire  coals  principally  belong  to  this  variety. 

Cannel  or  Parrot  Coal  is  called  cannel  from  its  burning  with  a  clear 
flame  like  a  candle,  and  parrot  in  Scotland  from  its  crackling  or  chat- 
tering when  burnt  Cannel  coal  varies  much  in  appearance,  from  a 
dull  earthy  to  a  brilliant  shiny  and  waxy  lustre.  It  is  always  compact, 
and  does  not  soil  the  fingers.  Its  fracture  is  sometimes  shaly,  some- 
called  coal  by  the  geologists,  as  it  would  by  people  in  general ;  and  neither  chemist,  mineral- 
ogist, nor  microBCopist,  nor  any  other  persons,  would  be  entitled  to  say  that  it  was  not  coal, 
because  it  might  not  happen  to  come  within  the  limits  of  any  definition  it  may  please  them 
to  Drame  for  coal. 

A  geologist  is  as  fairly  entitled  to  be  an  authority  as  regards  rocks,  as  a  botanist  with 
respect  to  plants,  a  zoologist  with  respect  to  animals,  or  a  mineralogist  with  respect  to 
minerals.  The  geologist  is  quite  right  in  appealing  for  information  to  each  of  the  above- 
named  classes,  and  tUl  of  them  to  the  chemist,  but  when  the  person  applied  to  has  given 
that  information,  he  is  not  warranted  In  nsuri>ing  the  authority  of  the  applicant,  and  dictat- 
ing to  him  as  to  the  use  which  he  may  make  of  the  information  afforded,  or  limiting  his 
Judgment  upon  it 

Even  if  it  could  be  shewn  that  the  Boghead  coal  was  formed  from  a  clay  Impregnated 
with  bitumen,  that  would  not  prove  that  it  was  not  coal,  it  would  merely  shew  that  there 
were  more  ways  of  forming  coal  than  we  had  previously  been  aware  ot 
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times  compact  Tlie  bright  ahining  yarietiea  often  bum  away  like 
wood,  leaving  scaicely  any  cinden  and  only  a  little  white  ash.  The 
duller  and  more  earthy  kinds  leave  a  white  ash,  retaining  nearly  the 
«ame  aixe  and  shape  as  the  original  lumps  of  coaL  Cannel  coal  often 
takes  a  good  polish,  and  can  be  worked  into  boxes  and  other  articles. 

•/el  18  an  extreme  variety  of  cannel  coal  in  one  direction,  as  hatt  or 
carbonaceous  shale  is  in  another. 

AtUkraeUe  is  heavier  than  common  coal,  with  a  glossy,  often  iiri- 
descent  Instre,  and  a  more  completely  mineralized  appearance.  It 
nrely  soils  the  fingers,  has  a  distinctly  sharp-edged  conchoidal  fracture, 
or  else  breaks  readily  into  small  cubical  lumps.  It  is  not  easily  ignited, 
but  when  burning  gives  out  an  intense  heat,  so  as  to  sometimes  melt 
the  bars  of  the  grate  or  furnace  in  which  it  is^used.  It  does  not  flame, 
and  gives  off  but  little  smoke,  being  in  this  respect  similar  to  coke  or 
charcoal. 

In  many  ordinaiy  coals,  little  flakes  of  mineral  charcoal  occur, 
xetaimng  that  part  of  the  vegetable  structure  called  the  vascular  tissue. 
They  are  called  **  mother  of  coal "  by  the  colliers  in  some  places.  ^  It 
is  f]:equently  seen  in  the  form  of  a  thin  silky  coating,  covering  some 
of  the  surfaces  of  the  coal." — (Professor  Harknesa  on  Coal,  Edivhurgh 
New  FhiloMophical  Journal ,  July  1854.)  Micn>acopical  examination 
exhibits  not  only  the  vascular  but  the  cellular  tissue  of  plants  in  the 
substance  of  many  coals,  as  was  shewn  by  Mr.  Withaiu  in  his  work  on 
the  structure  of  fossil  plants,  and  by  many  observers  since. 

The  Face  or  Cleet  of  CoaL — Most  coals  have  a  peculiar  structure,  which 
bears  a  slight  analogy  to  the  crystallization  of  a  mineral.  They  break 
or  split  not  only  along  the  bedding,  but  across  it,  along  two  set  of 
planes  at  right  angles  to  the  l)edding  and  to  each  other.  The  smooth 
clean  faces  produced  by  one  of  these  planes  are  more  marked  and 
regular  than  that  produced  by  the  other,  as  may  be  seen  by  examining 
any  lump  of  coal.  The  principal  of  these  division  planes  are  called 
by  the  colliers  the  face  of  the  coal,  the  other  being  called  the  hack  or 
end  of  the  coal.  TTiey  preserve  their  i>aralleUsm  sometimes  over  very 
wide  areas ;  and  the  mode  of  working  or  getting  the  coal,  and  the 
direction  of  the  galleries,  is  governed  by  the  direction  of  the  face. 
It  is  a  structure  which  is  probably  the  result  of  the  mineralizing 
process  undergone  in  passing  from  an  organic  to  an  inorganic  state,  or 
rather  perhaps  from  an  incoherent  to  a  consolidated  condition,  and  is 
one  case  of  the  "  joint "  structure  of  rockB,  under  which  head  it  will 
be  spoken  of  hereafter. 
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Although  the  amount  of  rocks,  or  accmuulationB  of  earthy  matter, 
formed  of  materials  which  were  brought  into  their  present  situation  by 
the  action  of  the  wind,  is  comparatively  of  small  importance,  it  is  not 
expedient  wholly  to  overlook  this  action.  Along  all  low  sandy  coasts, 
hiUs  are  formed  of  drift  sand,  which  sometimes  attain  a  considerable 
altitude,  as  much,  for  instance,  as  200  or  300  feet  These  hills  are 
commonly  called  "  dunes."  They  have  been  described  as  advancing  on 
the  low  shores  of  France,  in  the  Bay  of  Biscay,  at  the  rate  of  sixty  and 
seventy  feet  per  annimi,  overwhelming  houses  and  farms  in  their  pro- 
gress.* Similar  accxmiulations  take  place  on  the  coast  of  Cornwall, 
where  the  sand,  composed  largely  of  fragments  of  shells  and  corals, 
becomes  converted  sometimes  into  a  hard  stone  by  carbonate  of  lime 
or  oxide  of  iron. — (De  la  Beckers  Mamial,) 

Lieut  Nelson  has  described  similar  aerial  accumulations  in  the 
Bermuda  Islands,  giving  them  the  name  of  scolian  rocks. 

Along  the  south  coast  of  Wexford,  as  also  in  Smerwick  harbour 
(county  Kerry),  and  other  parts  of  the  British  Islands,  similar  accmnu- 
lations  are  in  progress. 

On  the  eastern  coast  of  Australia,  about  Sandy  Cape,  this  process 
is  going  on  on  a  still  larger  scale.  In  Port  Bowen,  in  the  same 
neighbourhood,  I  once  saw  a  very  good  instance  of  it  The  rise  and 
fall  of  tide  there  is  as  much  as  sixteen  feet ;  and,  at  low  water,  great 
sandbanks  are  exposed,  derived  from  the  shallow  sea  outside,  and  the 
waste  of  the  porphyritic  rocks  on  the  coast  These  sandbanks  rapidly 
dry  imder  the  hot  sun ;  and  the  trade-wind,  which  blows  home  upon 
the  shore,  then  drifts  the  sand  up  ujwn  the  beach,  and  piles  it  into 
hills  50  or  60  feet  high.  Behind  these  hills  is  a  large  mangrove 
swamp,  which  is  being  gradually  buried  imder  the  advancing  sand, 
some  of  the  mangrove  trees  only  just  peering  above  it,  others  half 
covered,  and  so  on.     The  drift  of  sand  through  the  gaps  of  these  dunes 

*  This  progress  has  within  the  List  qo&rter  of  a  century  been  arrested  by  the  planting 
of  pine  forests,  the  toxpentine  of  which  has  become  the  source  of  a  huge  revenue. 
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was  exactly  like  a  snow-drift  in  a  heavy  storm  whenever  the  wind  blew 
freshly. 

Lai^  districts,  with  hills  of  200  or  300  feet  in  height,  are  found 
also  on  the  coasts  of  Western  Australia,  stretching  sometimes  ten  miles 
inland,  formed  of  loose  incoherent  sand,  once  api>arently  drifted  by  the 
wind,  though  now  brought  to  rest  by  the  growth  of  a  wide-spread  forest 
of  gum-trees.  Parts  of  these  sands,  w^hich  consist  greatly  of  grains  of 
shells  and  corals,  are  compacted  together  into  a  stone,  hard  enough  to 
be  used  for  building,  by  the  action  of  the  rain-water  dissolving  some  of 
the  carbonate  of  lime,  and  re-depositing  it  on  evaporation.  Curious  cylin- 
drical stems,  from  one  inch  to  eighteen  inches  in  diameter,  arc  there 
seen  projecting  from  the  soil,  and  have  been  taken  for  petrified  trees, 
which  they  greatly  resemble ;  but  I  observed,  in  1842,  a  number  of 
these  supposed  trees  exposed  in  a  little  cove,  south  of  the  entrance  of 
Swan  River,  ending  downwards  in  tapering  forms  like  stalactites ;  and 
I  believe  them,  therefore,  to  have  a  stalactitic  origin,  due  to  the  perco- 
lation of  water  down  particular  pipes  and  channels  in  the  sand. 

Nor  is  it  along  the  coast  only  that  such  accumulations  are  taking 
place.  In  the  interior  of  great  dry  continents,  there  are  vast  spaces 
covered  with  sand  and  sand-hills,  >vliieh  aiv  phifted  and  carried  about 
by  the  wind,  just  as  some  sandbanks  are  deposited  now  liere  now  there, 
carried  about  l.>y  the  water.  We  liave  l»ut  to  recall  to  the  mind  of  the 
reader  the  well-known  stories  of  caravans  crossing  the  des<»rt,  being 
met  and  sometimes  over^vhelmed  by  moving  columns  of  sand,  and  the 
way  in  which  many  of  the  temi>les  of  Eg}'])t  have  been  buried  under 
such  accumulations,  for  him  to  see  that  tliis  action  cannot  be  altogether 
overlooked.  i40'P^  would  probably  have  been  lonj^'  a;^o  obliterated  by 
drift-sand  if  it  had  not  been  for  the  Nile,  and  the  strip  of  vej^etation 
tliat  accompanies  and  defends  it.  In  the  interior  of  Australia,  Captain 
Sturt  reports  the  existence  of  vast  deserts  of  sand,  with  long  lines  of 
great  wmd-hills,  200  feet  liigli,  the  base  of  one  touchbig  that  of  its 
neighbours,  and  all  stretching  in  stmight  lines  each  way  to  the  borizon. 

It  would  be  quite  pn)j)er  also  to  cbiss  among  aerial  rocks  such 
accumulations  of  tuff  as  were  derived  from  volcanic  ashes  falling  on 
the  land,  an<l  also  the  masses  of  pebbles,  cinders,  and  fragments  so 
derived,  were  it  not  more  convenient  to  describe  them  in  connection 
with  the  volcanic  rocks,  so  as  not  to  separate  in  our  account  those 
falling  on  the  land  from  those  deposited  in  water. 

Soil, — Tlie  accumulation  of  decayed  vegetable  matter,  mingled 
sometimes  with  animal,  always  with  earthy  mineral  matter,  which  is 
called  *'  soil "  or  "  mould,"  is  also  an  aerial  process,  desening  of  more 
attention  than  it  has  vet  received.  Soils  sometimes  occur  as  distinct 
rocks,  intci'stmtitied  with  other  rocks. 


CHAPTER  VIIL 

THE   METAMORPHIC   ROCKS. 

Preliminary  Observations, 

Concretio7i8. — The  segregation,  into  concretionary  lumps  and  nodules, 
of  siliceous  from  calcareous  matter,  and  of  calcareous  from  argillaceous, 
has  been  already  described,  and  the  radiated  and  concretionary  forms  as- 
sxmicd  sometimes  by  magneaian  limestone  subsequently  to  its  deposition, 
and  the  superinduced  crystalline  structure  across  the  concentric  coats  of 
stalactites  and  the  layers  of  granular  gypsiun.  These,  however,  are  not 
the  only  instances  of  such  separation  of  parts,  and  assumption  of  new 
forms  and  combinations,  by  the  particles  of  rock  after  their  deposition, 
and  after  their  more  or  less  complete  consolidation.  Any  mineral  dif- 
fused in  a  state  of  minute  division  through  a  mass  of  different  nature 
from  itself,  seems  to  have  a  tendency  to  segregate  itself  from  the  mass, 
and  collect  together  upon  certain  points  or  centres.  Iron,  either  in  the 
form  of  iron  pyrites  (bi-sulphide  of  iron),  or  ironstone  (clayey  carbonate 
of  iron,  or  haematite  (oxide  of  iron),  frequently  forms  such  concretionary 
lumps.  Iron  pyrites,  either  in  cubical  crystals,  or  in  balls  with  an 
internal  radiated  structure,  is  fre(|uent  in  all  argillaceous  and  calcareous 
rocks,  and  in  many  trap  rocks. 

Iroiistone  Balls  and  Septaria. — Ironstone  forms  regular  layers  of 
round  nodules,  sometimes  as  much  as  a  foot  or  eighteen  inches  in 
diameter,  in  many  argillaceous  rocks.  These  nodules,  when  broken 
open,  are  often  found  to  be  traversed  by  cracks  in  all  directions,  more 
or  less  filled  up  with  crystalline  spar  (carbonate  of  lime,  etc.),  together 
with  crystals  of  galena,  blende,  iron  pyrites,  and  other  minei'ds. 

In  other  clays  carbonate  of  lime,  mingled  perhaps  with  iron,  pro- 
duces similar  stones,  called  Septaria  or  cement  stones.  They  often  take 
a  polish,  and  the  sparry  veins  produce  a  pattern,  which  causes  them  to 
be  used  for  marble  tables  or  similar  purposes. 

In  these  septaria  and  ironstone  balls  the  external  crust  is  generally 
smooth  and  compact,  the  internal  cracks  becoming  larger  and  more 
numerous  as  they  proceed  towards  the  centre.  As  the  cracks  are 
obviously  the  result  of  desiccation  and  consequent  contraction,  and  as 
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the  external  crust  would  naturally  be  the  first  part  to  consolidate,  it 
docs  not  at  first  seem  obvious  why  the  cracks  should  not  occur  outside 
rather  than  in. 

Professor  Hennessey,  however,  remarked  to  me,  that  in  the  case  of 
volcanic  bombs,  which  have  a  similar  structure,  the  fact  of  the  prelimi- 
nary consolidation  of  the  external  crast  was  the  cause  of  the  internal 
fissuring,  since,  when  the  crust  was  formed,  no  farther  shrinking  or 
contraction  of  the  whole  body  could  take  place  ;  and  the  internal  parts 
being  thus  relieved  from  external  pressure,  would  shrink  and  contract 
among  themselves,  being  rather  attracted  towards  the  dense  external 
crust  than  towards  the  centre.  If  consolidation  commenced  at  the  centre, 
the  whole  nodule  would  have  contracted  towards  the  centre,  and  thus 
have  shnmk  into  a  less  size  and  a  denser  state,  without  the  occurrence 
probably  of  either  external  or  internal  cracks. 

Nodules. — Heematite,  whether  red  or  brown,  affects  a  kidney-shaped 
concretionary  form,  often  hollow,  with  a  minutely  radiated  structure  at 
right  angles  to  the  surface  of  the  mass. 

Other  minerals,  such  as  galena  and  blende  (the  sulphides  of  lead 
and  zinc),  occur  in  small  balls  or  nests  in  some  rocks,  evidently  formed 
as  concretions,  and  not  rolled  fragments  or  pebbles. 

Many  shales  decompose  into  large  round  no<lules,  sometimes  two  or 
three  feet  across,  and  these  sometimes  enclose  other  nodules,  the  lamina- 
tion of  the  rock  proceeding  straight  across  them  ;  and  many  sandstones 
are  marked  by  concentric  bands  of  colour. ' 

Metamorphic  Actions, — This  assumption  of  a  condition  more  or  less 
different  from  that  possessed  by  rocks  at  the  time  of  their  original 
formation,  leads  us  naturally  to  consider  the  next  great  division  of  our 
subject,  the  metamorphic  or  transformed  rocks. 

Pressure, — The  merely  physical  force  of  pressure,  as  aqueous  rocks 
after  their  formation  become  gradually  covered  by  subsequent  accumula- 
tions, must  produce  change  in  them  in  the  way  of  consolidation  and 
induration.  This  pressure  will  of  itself  be  sufficient  in  some  cases  to 
cause  the  hitherto  incoherent  particles  of  sand  or  clay  to  cohere  and  be 
compacted  into  a  solid  stone.  It  will,  however,  be  greatly  assisted, 
either  by  the  infiltration  of  water  containing  mineral  matter  in  solu- 
tion, or  of  pure  water  dissolving  and  re-arranging  the  soluble  materials 
which  it  may  find  in  the  rocks. 

Heat. — Heat  may,  in  like  manner,  modify  the  effects  of  pressure, 
either  by  its  mechanical  power  of  expansion  producing  pressure  in  every 
direction,  and  subjecting  rocks  to  alternate  expansions  and  contractions 
according  to  its  own  variations,  or  by  setting  in  action  chemical  forces 
of  decomposition  and  recomposition,  and  thus  altering  the  chemical  com- 
binations in  the  matenals  of  rocks. 

Heat  and  Water, — H.eat  may  also  be  joined  with  water,  either  rais- 
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ing  it  to  various  temperatures  or  actually  converting  it  into  steam, 
and  we  may  thus  get  changes  produced  which  neither  cold  water  nor 
dry  heat  would  be  able  or  likely  to  effect  of  themselves.  It  has  been 
stated  that  it  is  impossible  to  maintain  the  bulb  of  a  thermometer  in 
the  boiler  of  a  steamer  at  very  high  temperatures,  since  the  glass  is 
dissolved  by  the  chemical  action  of  water  heated  under  pressure. — 
(Sedffwick*8  Introduction  to  Spwpsis  of  Classijicatian,  etc.,  3d  Fasciculus, 
p.  29,  note). 

Now,  it  may  not  unfrequently  happen  that  we  may  have  all  the 
forces  of  pressure,  heat,  and  the  dissolving  power  of  water  combined  in 
the  interior  of  the  earth. 

The  presence  of  water  in  rocks  is  known  by  experience,  since  no 
stone  is  ever  quarried  which  will  not  part  with  some  water  on  being 
dried,  either  naturally  in  the  air  or  aitificially.  Bischof  says,  that  he 
has  observed,  on  breaking  blocks  of  basalt,  "  wet  patches,  like  rain 
drops,  upon  the  fractures,  and  sometimes  quite  in  the  centre  of  the 
mass,  affording  positive  evidence  of  the  permeability  even  of  so  com- 
pact a  rock  as  basalt."  He  says  also,  that  almost  all  water  contains 
both  carbonic  acid,  and  often  a  slight  proportion  of  silica  (silicic  acid) 
in  solution,  that  the  silicates  in  which  the  silica  is  in  its  soluble  modi- 
fication are  decomposed  by  weak  acids,  and  that  those  also  in  which  it 
is  in  its  insoluble  modifications  are  unable  to  resist  the  long  continued 
action  of  acids. 

Weathering  of  Boch. — ^This  gives  us  the  explanation  of  the  brown 
spots  and  patches  foimd  in  many  rocks  containing  silicate  of  lime,  such 
as  basalt  and  greenstone,  and  also  their  brown  and  weathered  surfaces. 
Along  the  internal  margin  of  the  brown  part  of  basalt  and  greenstone 
a  mineral  acid  will  almost  always  cause  effervescence,  as  also  along  the 
minute  cracks  and  cre^^ce8  and  pores  by  which  the  water  gains  access 
to  the  interior.  It  is  plain  that  the  silicate  of  lime  is  converted  into 
carbonate  in  the  first  place,  and  this  being  removed  by  subsequent 
solution  from  more  carbonic  acid,  the  protoxide  of  iron  left  behind  is 
converted  into  peroxide,  and  the  brown  colour  produced. 

Limestone  containing  much  silica  or  silicate  of  alumina,  and  some 
protoxide  of  iron  diffused  through  its  mass,  is,  in  a  similar  way,  con- 
verted into  rotten  stone,  while  pure  limestone  is  wholly  dissolved  and 
washed  away. 

The  decomposition  of  those  rocks  which  do  not  contain  any  lime 
proceeds  in  the  same  way,  though  it  is  not  so  easy  to  detect  it  by  the 
occurrence  of  effervescence  with  acids  along  the  margin  of  the  decom- 
]>osed  part  Feldspar  rocks  have  their  silicates  of  potash,  soda,  etc, 
converted  first  into  carbonates  and  then  into  bi-carbonates,  which  are 
dissolved  and  washed  away.  Their  decomposed  portions  are  generally 
white  lather  than  brown,  from  the  absence  of  iron,  though  shades  or 
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strOikB  of  red  and  biown  occaaionally  occur,  shewing  its  presence  in 
small  quantities. 

Formation  of  Fieudomorphs, — In  the  examination  of  these  changes, 
the  study  of  psendomorphic  crystals  of  minerals  is  of  great  importance. 
A  pseudomorph  is  one  mineral  occurring  in  the  cr}'8talline  form  of 
another.  They  ore  either  "  alteration  pseudomorphs,"  in  which  the 
first  mineral  has  been  gradually  changed  into  the  other,  or  *^  dif<place- 
ment  pseudomorphs,"  in  which  the  first  mineral  having  been  gradually 
removed  particle  by  particle,  another  has  gradually,  and  particle  by 
particle,  taken  its  place.  This  action  is  a  veiy  important  one,  for  it  is 
precisely  that  of  **  petrifaction,"  as  it  is  called — ^that  by  which  organic 
remains  are  mineralized,  and  their  external  form,  and  more  or  less  of 
their  internal  structure,  preserved. 

Peirifaciion. — Animals  and  plants,  by  means  of  their  fluids,  take  up 
and  convert  into  their  own  substance  certain  nunerals,  such  as  silica, 
lime,  magnesia,  soda,  potash,  phosphorus,  carbon,  iron,  etc.  This  they 
do  in  obedience  to  the  organic  forces,  those  chcmico-biological  actions, 
the  assemblage  of  which  we  call  life.  When  life  no  longer  exists,  and 
its  forces  cease  to  act,  the  substances  of  animals  and  pLuits  become 
obedient  to  inorganic  laws,  and  their  mineral  portions  are  noted  on  just 
in  the  same  way  that  other  mineral  matters  are  alFocteil.  Wood  may 
either,  as  we  have  already  seen,  lose  certain  jtroportions  of  its  constitu- 
ents and  become  more  and  more  carbonized  ;  or  it  may  lose  the  whole 
of  them  particle  by  particle,  and  as  each  little  molecule  is  removed,  its 
place  may  be  taken  by  a  little  molecule  of  another  substance,  as  silica, 
or  iron  pyrites,  and  it  may  thus  become  entirely  silicifed  or  pf/ritized. 

Bones  and  shells,  and  other  liaRl  parts  of  animals,  consisting 
mainly  of  phosphate  and  carbonate  of  lime,  may,  in  like  manner,  have 
the  proportions  or  the  state  of  aggregation  of  their  constituents  altered 
more  or  less  completely,  or  may  have  their  substance  gradually  but 
entirely  replaced  by  another  substance  more  or  less  different  from  the 
former. 

In  this  way  parts  consisting  originally  of  carbonate  of  lime  may 
either  have  the  organic  cellular  structure  obliterated  by  assuming  a 
crystalline  structure,  or  may  become  embedded  in  a  crystalline  cover- 
ing of  carbonate  of  lime,  or  that  mineral  may  be  converted  into  sul- 
phate of  lime  or  replaced  by  silica,  iron  pyrites,  or  other  substances,  the 
cellular  structure  being  in  each  case  either  preserved,  or  partially  or 
entirely  obliterated. 

Method  of  Psendomorphic  Action, — Bischof  combats  the  opinion  that 
this  pseudomorphic  and  petrifactive  process  is  ever  the  result  of  dry 
heat  or  of  sublimation,  and  shews,  with  what  appears  conclusive  reason- 
ing, with  regartl  to  many  substances  at  all  events,  that  whether  it 
occur  in  the  mass  of  rodu,  or  in  veins  and  fissures,  it  must  be  the 
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result  of  icater  (temperature  uncertain)  containing  some  acid,  chiefly 
carbonic  acid,  in  solution  in  the  first  place,  and  afterwards  by  means  of 
that  acid  becoming  impregnated  \iith  the  solutions  of  other  minerals. 

Some  of  BLschofs  remarks  are  so  very  instructive  that  we  do  not 
hesitate  to  quote  several  passages  at  length.  "  Stein  converted  a 
crystal  of  gypsum  into  carbonate  of  lime  by  leaving  it  for  several 
weeks  in  contact  with  a  solution  of  carbonate  of  soda,  at  a  tempera- 
ture of  122  F."  The  sulphuric  acid  of  the  gypsum  united  with  the 
soda  to  form  sulphate  of  soda,  which  was  dissolved  and  carried  away 
by  the  water,  and  the  lime  imited  with  the  carbonic  acid.  "  All  the 
stria)  upon  the  curved  surfaces  of  the  crystal  were  perfectly  retained, 
as  well  as  the  cleavage  in  the  direction  of  the  T-planes.  In  these  arti- 
ficial pseudomorphic  processes,  the  form  of  the  original  substance  is 
retained  only  under  certain  conditions,  the  most  essential  being  slow 
action ;  and  the  same  holds  good  in  nature.  If  these  conditions  are 
not  fulfilled,  the  original  fonn  is  lost" 

"  In  the  analysis  of  a  mineral  in  which  changes  have  already  com- 
menced, especially  by  the  addition  of  new  constituents  in  very  minute 
quantities,  it  is  not  unlikely  that  they  may  be  considered  as  accidental 
and  deducted.  Since,  however,  alterations  seldom  take  place  merely 
by  addition,  but  more  frequently  by  loss  of  constituents,  it  is  likewise 
requisite  that  the  quantities  lost  should  be  added  to  the  analytical 
results. 

"  There  are  sufficient  grounds  for  considering  andalusite  to  be  a 
pure  silicate  of  alumina,  although  previous  analyses  have  pointed  out, 
besides  these  two  essential  constituents,  potash,  lime,  magnesia,  oxides 
of  iron  and  manganese,  and  water.  Andalusite  is  converted  into  mica, 
in  which  change  a  part  of  the  alumina  is  removed  ;  potash,  magnesia, 
and  peroxide  of  iron,  being  introduced  into  its  place.  One  of  these 
bases  is  always  found  in  andaluHite,  sometimes  several  of  them  together  ; 
and  it  may  therefore  be  inferred  that  this  mineral,  as  usually  met  with, 
is  already  in  a  state  of  incipient  alteration.  No  other  alteration  of 
andalusite  is  known  besides  that  into  mica,  except  that  into  steatite. 
The  latter  change  i)resupi>oses  not  only  a  partial  but  a  complete  dis- 
appearance of  the  alumina,  and  its  rephicement  by  magnesia.  Tliese 
examples  will  suffice  to  shew  the  importance  of  tlie  minute  quantities 
of  substances  present  in  minerals,  and  generally  considei'ed  as  accidental 
These  substances,  which  are  troublesome  to  the  chemist,  because  he 
cannot  introduce  them  into  the  chemical  formula,  acquire  significance 
when  compared  with  the  constituents  of  the  pseudomorphs  resulting 
from  the  alteration  of  the  mineral  in  question.  They  then  no  longer 
appear  as  accidental,  but  indicate  the  transition  of  one  mineral  into 
others,  and  lay  before  us  clearly  the  greater  part  of  the  conversion  pro- 
cess. 
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"  It  is  possible  that  several  changes  may  frequently  have  taken 
place  before  the  last  product  was  fonued.  In  the  alterations  of  com- 
plex minerals,  especially  silicates  containing  several  bases,  there  are 
certaiidy  transitions  in  most  cases,  and  sometimes  a  long  series.  Thus 
Cordierite*  is  the  starting  point  of  a  whole  series  of  alterations,  finally 
ending  with  Mica  ;  while  Fahlunite,  Chlorophyllite,  Bonsdorfite,  Es- 
markite,  Weissite,  Praseolite,  Gigantolite,  and  Finite,  are  remains  of 
Cordierite  in  pseudomorphic  conditions.  Inasmuch  as  the  minerals 
between  Cordierite  and  Mica  are  only  transition  products,  they  cannot 
be  regarded  as  individual  species." t  "As  petrifactions  are  important, 
and  in  many  cases  indispensable  aids  in  recognising  the  sedimentary 
formations,  so  likewise  pseudomorphs  are  important,  and  frequently 
the  only  means  of  tracing  the  processes  of  alteration  and  displacement 
which  have  taken  place  and  are  still  going  on  in  the  mineral 
kingdom. 

"  Pseudomorphs  furnish  us  with  a  kind  of  knowledge  which  we 
liave  no  opportunity  of  deriving  from  any  other  source.  It  will  scarcely 
ever  be  possible  to  convert  augite,  olivine,  or  hornblende,  etc.,  into 
serpentine  in  our  laboratories.  But  when  we  find  serpentine  in  the 
fonu  of  these  minerals,  this  fact  is  a  sufficient  evidence  tliat  such  a 
conversion  can  take  place  ;  and  if  in  any  given  instance  there  are 
gcognostic  reasons  for  the  opinion  that  one  or  other  of  these  minerals, 
or  even  several  together,  have  furnished  the  materials  for  the  formation 
of  serpentine,  there  is  a  high  degree  of  probability  that  such  a  change 
has  actually  taken  place. 

"  K  a  crystalline  mineral  can,  under  certain  conditions,  be  converted 
into  another,  whether  with  or  without  retention  of  form,  then  the  same 
mineral  in  an  amorphous  state  would  certainly  suffer  the  same  change 
when  placed  in  the  same  circumstances."  From  this  he  shews  that 
amorphous  masses  of  serpentine  may  be  formed  from  amorphous  masses 
of  augite,  etc.,  and  also  that  in  some  instances  the  original  foim  of  a 
crystalline  mineral  may  be  destroyed  together  with  its  substance,  and 
the  new  mineral  occur  in  its  own  crystalline  form.  He  concludes  the 
subject  thus  : — 

"  The  importance  of  the  pseudomorphic  processes,  and  the  error  of 
those  who  regard  them  as  having  but  little  connection  with  the  changes 
of  rocks,  is  sufficiently  shewn  by  the  total  disappearance  of  previously 
existing  substances  in  veins.  I  consider  that  the  entire  removal  of  fluor 
and  calc  spar  from  a  whole  series  of  veins,  and  the  introduction  of  an 

•  Cordierite  is  a  mineral  compoRcd  of  a  silicate  of  alumina,  combined  with  two  atoms  of 
silicate  of  nia^oiesia. 

t  If  farther  well-considered  researches  establish  these  and  similar  conclusions,  it  will 
have  a  wonderful  effect  in  simplifj'ing  the  important  science  of  minenilogj',  and  thus  give  a 
greater  attraction  to  a  subject  which  haa,  on  my  mind  at  least,  always  exercised  a  most  re- 
pulsive action,  from  the  want  of  a  clear,  simple,  and  definite  rule  of  chissiflcation. 

Ii2 
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equal  quantity  of  quartz  in  their  place,  is  a  matter  of  vast  importance. 
To  what  enormous  spaces  of  time  do  we  come  when  we  reflect  upon  the 
periods  during  wliich  the  fluor  and  calc  spar  were  introduced  into  these 
fissures,  and  then  the  periods  during  which  they  were  again  removed 
by  water,  and  quartz  substituted  in  their  place  !  And  yet  this  happened 
after  the  formation  of  the  rocks  in  which  these  fissures  occur.  If  we 
imagine  similar  processes  to  have  taken  place  in  the  rocks  themselves, 
and  extending  over  not  only  both  these  periods,  but  the  entire  space  of 
time  since  their  formation,  we  shall  be  compelled  to  admit  that  incon- 
ceivably stupendous  changes  have  taken  place.  After  such  considera- 
tions, the  conversion  of  extensive  masses  of  rock  by  the  action  of  water 
alone  into  steatite,  talc,  serpentine,  kaolin,  etc.,  cannot  api^ear  in  the 
slightest  degree  strange." — (BUchof,  chap,  ii.) 

Metamorphosis  by  Water  at  Ordinary  Temperature, — If  we  allow  so 
large  an  amount  of  metamorphic  action  to  the  infiltration  of  water,  it 
becomes  no  longer  difficult  to  understand  the  conversion  of  limestone 
into  dolomite,  subsequently  to  the  deposition  of  the  original  carbonate 
of  lime.  Such  cases  as  those  described  by  Von  Buch,  and  more  recently 
by  Mr.  Andrew  Wyley,  in  the  Journal  of  the  Geological  Society  of 
Dublin  (voL  vi.,  part  2),  in  his  paper  on  the  dolomitic  rocks  of  Kil- 
kenny, where  dolomite  is  found  traversing  ordinary  limestones  in  dyke- 
like masses  running  through  a  great  nimiber  of  beds  in  a  straight  line 
across  the  country,  become  explicable  on  the  supposition  of  springs  of 
water  containing  much  carbonic  acid  and  magnesia  rising  up  through 
fissures,  and  the  consequent  solution  of  some  of  the  carbonate  of  lime, 
and  its  removal  in  a  dissolved  form,  and  its  replacement  by  carbonate 
of  magnesia  (see  sheets  147  and  157  of  Map  of  GeoL  Sur.  of  Ireland, 
and  their  Explanation). 

Metamorphosis  hy  Hot  Water  or  Steam. — If,  again,  such  great 
changes  as  those  just  alluded  to  may  be  expected  to  result  from  the 
simple  action  of  water,  we  may  reasonably  conclude  still  greater  to  be 
the  consequence  of  the  action  of  water  combined  ^dth  a  high  tempera- 
ture, or  of  a  still  more  intense  heat,  which  first  converts  into  steam  the 
water  contained  in  rocks,  and  effects  great  changes  perhaps,  or,  at  all 
events,  prepares  the  way  for  great  changes  by  that  agent,  and  then 
proceeds  to  act  upon  the  minerals  contained  in  rocks  with  its  own 
powers.  We  have  already  seen  that  some  sandstones  and  gritstones 
may  have  probably  been  cemented  by  silica  held  in  solution,  either  in 
the  water  in  which  they  were  deposited,  or  in  that  which  subsequently 
gained  access  to  theuL  We  know  that  hot  water  can  contain  at  least  a 
tenth  more  silica  in  solution  than  cold  water.  If,  therefore,  a  sandstone 
became  penetrated  by  hot  water^  or  still  more  by  steam,  a  portion  of 
the  silica  of  which  each  grain  was  composed  might  be  dissolved,  and  as 
the  water  ultimately  evaporated,  this  fdlica  would  be  re-deposited,  and 
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act  as  a  eiliceoas  cement  to  the  mass.     We  should  thus  liave  a  (quartz 
rock  or  quartzite  produced. 

Metamarphosts  by  Dry  Heat, — It  would  appear,  however,  that  dry 
heat  alone  is  able,  under  favourable  conditions,  to  produce  this  effect, 
since  the  sandstones  that  have  been  used  as  the  bottoms  of  iron  furnaces 
are,  in  some  cases,  altered  into  a  kind  of  quartz  rock.  It  is  true  that 
bases,  calculated  to  act  as  a  flux  to  the  quartz,  may  have  gained  access 
to  the  sandstone  in  the  latter  instance,  but  then  they  may,  on  the  other 
hand,  have  been  present  in  sufficient  quantity  for  that  purpose  in  many 
sandstones  that  have  been  naturally  altered  into  quartz  rock. 

Metamorphosis  by  Heat,  tchether  vrith  or  without  Water, — Bischof 
and  some  other  continental  writers  seem  still  to  be  imbued  with  what 
I  must  look  upon  as  an  old-fashioned  prejudice  against  the  notion  of 
any  raetamorphic  rocks  having  been  produced  by  the  action  of  heat 
This  retention  of  prejudice  seems  to  me  to  arise  partly  from  their  want 
of  an  adequate  conception  of  the  vast  action  of  denudation,  and  partly 
from  an  erroneous  determination  of  what  are  and  what  are  not  true 
(granitic  rocks. 

When  we  see  whole  mountain  ranges,  and  wliole  district's  of  country, 
con.sisting  of  rocks  that  have  more  or  less  analogy  in  structure  and  con- 
stitution with  rocks  known  to  be  of  igneous  origin,  we  cannot  lielp 
feeling  convinced  that  igneous  action  must  in  some  way  have  Ijeen  con- 
cerned in  their  production. 

When  we  find  that  these  rocks  have  almost  every  gradation,  from 
such  as  we  might  imagine  to  have  been  once  molten,  into  rocks  which 
we  know  to  have  been  mechanically  deposited  under  water,  we  are  com-  • 
pelle<l  to  conclude,  >vith  Lyell,  that  these  rocks  are  altered  or  meta- 
morphosed by  heat,  from  their  original  aqueous  and  nieclianical  forma- 
tion, into  a  state  more  or  less  nearly  approaching  tliat  of  true  igneous 
rocks. 

Om*  belief  in  the  truth  of  this  metamorphism  becomes  certainty 
when  we  see  these  rocks  always  occurring  on  the  flanks  of  masses  of 
granite,  and  examine  a  district  (such  as  Wicklow  and  Wexford)  where 
both  large  and  small  masses  of  granite  appear,  and  find  these  metamor- 
phic  rocks  not  only  always  accompanying  the  granite,  but  occurring  no 
wh*:re  else  except  in  the  neighbourhood  of  granite,  and  their  extent 
always  proportioned  to  the  size  and  extent  of  the  particidar  granite 
mass  they  mantle  round. 

It  is  by  no  means  intended  to  assert  that  the  neighbourhood  of 
granite  or  igneous  rock  is  the  only  source  of  heat  from  whicli  tliis 
metamorjjhosis  can  arise,  since  this  is  exactly  one  of  the  misconceptions 
alluded  to  above.  Should  any  mass  of  rock,  cai)able  of  alteration,  be 
so  deeply  buried  in  the  earth  as  to  be  brouglit  within  the  reach  of  any 
centre  of  heat  whatever,  the  same  effect  would  result ;  and  it  is  most 


<il    ill,    jiiM. lityin^r  causrs,   ])r(i(lu(iii<_r   soiih*   nf  llic  L:ri'at 
a    iiia->    <il    iii«taiii('r]>liic    1(m'1«:s  ;     tlin-c    \  aii<'i  i<<    al-o    i 
lai'u'i  ly  ell    tin-   dillfrciit    inah-rial-,   or   the   (iill'iivnt    i>V" 
same  lujitcrialt*,  wliich  existed  in  the  diUereiit  beds   pi 
nietaniorphic  action  taking  j)lace. 

While  speaking  of  a  high  temperature,  I  by  no  meai 
its  range  in  either  direction.     Mr.  Sterry  Hunt,  in  the 
Geological  Survey  of  Canada  for  the  years  1853-6,  argues 
occurrence  of  graphite  or  unozidized  carbon  in  the  nieta 
of  Canada,  the  heat  could  never  have  been  very  int< 
approached  the  melting  point  of  the  silicates.     He  shew 
iS  1 2°  F.,  containing  solutions  of  alkaline  carbonates,  won 
for  the  solution  even  of  silica,  and  the  decomposition  of  8 
formation  of  garnet,  epidote,  and  chlorite,  and  other  sil 
magnesia,  and  iron,  and  that  if  the  temperature  be  rai 
might   suffice   for  the  production  of  chiastolite,  staurc 
feld8]xithic  and  micaceous  silicates  generally.     Such  tern 
readily  be  supposed  to  be  imparted  to  portions  of  the 
either  locally,  by  the  intrusion  of  granite,  as  in  the  sou 
land,  or  over  wider  areas,  when  any  part  of  what  ma 
surface  was  as  deep  as  from  10,000  to  20,000  feet  below 

Frequent  appearance  of  Mica. — The  very  general  appes 
either  in  distinct  flakes  or  crystals,  or  as  a  mere  glaze  up( 
of  laminae,*  may  perhaps  be  explained  by  the  very  varioi 
of  the  different  varieties  of  mica,  and  the  consequent  num 
and  combinations  from  which  micaceous  minerals  could  h 

The  metamorphic  development  of  mica-  ihf»r\  nCP^y^  i 
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occurred  under  the  modifying  influence  of  a  difference  in  the  composi- 
tion of  the  original  rock. 

We  8hall  have  occasion,  under  the  head  of  petrology,  to  recur  to  this 
subject  in  describing  the  "  cleavage"  and  "  foliation"  of  the  metamor- 
phic  rocks.  "  Cleavage"  is,  indeed,  a  purely  petrological  structure,  what- 
ever may  have  been  its  oiigin,  since  it  rarely,  and  only  to  a  slight  extent, 
produces  any.lithological  change  in  a  rock  beyond  that  of  simple  indu- 
ration. A  highly  indurated  skalt  has  uo  lithological  difference  from  a 
true  clay  slate,  it  being  often  impossible,  from  an  inspection  of  a  mere 
hand  specimen,  to  say  whether  it  be  one  or  the  other. 


Description  of  the  Metamorfhic  Rocks. 

The  metamorphic  rocks  may  be  divided  into  two  sub-groups,  those 
in  which  the  original  mineral  structure  is  still  recognisable — the  par- 
ticles, however  they  may  have  altered  their  form  and  state,  not  having 
entered  into  new  combinations — and  those  where  such  new  combinations 
liave  been  produced. 

The  former  sub-group  will  accordingly  consist  of  arenaceous, 
argillaceous,  and  calcareous  rocks,  while  the  members  of  the  latter  have 
a  general  similarity  of  structui'e  and  composition  which  enables  us  to 
speak  of  them  under  one  general  term,  such  as  tlie  schistose  rocks. 


Metamorphosed  Arenaceous  Rocks. 

60.  Quartz  Rock  or  Quart zite*  is  a  compact,  fine-grained,  but  dis- 
tinctly granular  rock,  very  hard,  frequently  brittle,  and  often  so  divided 
by  joints  as  to  split  in  all  directions  into  small  angular  but  more  or  less 
cuboidal  fragments.  Its  colours  are  generally  some  8ha<le  of  yellow, 
passing  occasionally  into  red,  and  at  other  times  into  green.  When 
examined  with  a  lens  it  may  be  seen  to  be  niaile  of  grains,  which  appear 
sometimes  as  if  they  had  been  slightly  fused  together  at  their  edges  or 
surfaces,  and  sometimes  as  if  embedded  in  a  purely  siliceous  cement. 
This  cementation  or  semi-fusion  of  the  gi-aius  shews  at  once  that  it  is  a 

*  The  student  must  carefully  distinjjuish  between  quartz  rock  or  quartzlte,  aa  here 
described,  and  pure  i*ein  quartz^  which  oocunj  sometimes,  as  a  wlilto  comi>act  flint  rock,  In 
considerable  inaas.  The  **  qr.nrtz  nxk,"  so  (ifton  spoken  of  In  Australia,  is  rarely,  if  erer 
true  quartz  rock,  but  commonly  vcin-qimrtz :  not  an  altered  bed  of  Rnndstoneeontem])orancou9 
with  the  rocks  in  which  it  licH,  but  a  deposition  in  a  vein  or  fissure  produced  subsequently 
t<)  the  consolidation  of  the  rocks  it  traverses. 

The  Continental  geologists  seem  freciueiitly  to  fall  into  the  sanje  mistake,  and  confound 
two  things  essentially  distinct.  In  a  collecticm  of  Euroi»oan  rocks  purchased  lately  from 
Krantz  of  Bonn,  among  seven  specimens  of  so-called  quartzite,  at  least  five  were  undoubtedly 
v<in,  quartz  and  not  qrtarUiU. 


166  ALTEEED  CLAY  AND  LIMESTONE. 

sandstone  which  has  been  altered  and  indurated  by  the  action  either  of 
heat  alone  or  of  heat  and  water.  It  has  either  been  baked  or  steam- 
boiM. 

Metamorphosed  Argillaceous  Rocks. 

61.  Homstone. — Clay  or  shale  has  been  in  some  cases,  as  in  that  of 
the  Lias  of  Portrush,  converted  by  contact  with  a  large  mass  of  Green- 
stone, into  a  smooth,  hard,  brittle,  splintery  rock,  that  might  be  called 
Homstone.  The  fossils  in  the  Homstone  of  Portrush  are  still  perfectly 
preserved,  though  the  rock  is  so  hard  and  unlike  clay  as  to  have  been 
originally  described  as  basalt,  and  adduced  by  the  Wemerians  as  a  proof 
of  the  aqueous  deposition  of  basalt 

62.  Clay  Slute  is  a  fine-grained  fissile  rock,  differing  from  shale  in 
being  invariably  highly  indurated,  and  splitting  into  plates  that  are 
altogether  independent  of  the  original  lamination  or  bedding  of  the 
rock,  sometimes  coinciding  with  it,  but  frequently  crossing  it  at  all 
angles.  This  fissile  structure  or  "  cleavage "  is  a  superinduced  meta- 
morphic  one.  The  original  bedding  or  lamination  of  the  rock  may  fre- 
quently be  traced,  even  in  hand  specimens,  by  means  of  parallel  lines  or 
bands  of  different  colour  and  texture  traversing  the  slate.  These  bands 
are  called  by  Professor  Sedgwick  the  "  stripe  "  of  the  slate. 

Clay  slate  is  generally  of  a  dull  blue,  gray,  green,  or  black  colour, 
sometimes  "  striped,"  sometimes  irregularly  mottled. 


Metamorphosed  Calcareous  Rocks. 

63.  Altered  Limestone, — This  was  formerly  called  Primitive ^  and  is 
even  at  the  present  day  often  called  Primary  Limestone,  Since,  how- 
ever, it  is  known  that  many  crystalline  limestones  are  not  Primar}', 
that  the  statuary  marbles  of  Italy  and  Greece,  for  instance,  are  some  of 
them  Secondary,  and  some  even  Tertiary  limestones  in  a  metamorphosed 
state,  it  would  seem  better  to  disuse  the  term  prim^ary  as  a  mere  litho- 
logical  designation. 

Some  limestones  were  originally  formed  as  crystalline  limestones, 
just  as  many  parts  of  a  coral  reef  and  some  stalactites  are  crystalline 
internally.  Others,  however,  have  certainly  been  only  made  to  assume 
the  crystalline  structure  at  a  period  subsequent  to  their  formation.  In 
the  well-known  experiments  of  Sir  James  Hall,  it  was  shewn  that  even 
chalk  could  be  converted  into  a  hard  crystalline  marble,  by  being  heated 
under  such  a  pressure  as  should  prevent  the  escape  of  the  carbonic 
acid  gas. 

Saccharine  or  statuary  marble  is  a  white  fine-grained  rock  resem- 
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bling  loaf-sugar  in  colour  and  texture,  working  freely  in  any  direction, 
not  liable  to  splinter,  slightly  translucent,  and  capable  of  taking  a 
polish.  Concealed  flakes  of  mica  or  chlorite  sometimes  exist  in  it,  as 
may  be  seen  on  examining  the  weathered  surfaces  of  some  of  the 
ancient  statuary  in  the  British  Museum  and  elsewhere.  ' 

Other  varieties  of  altered  limestone  are  variously  coloured,  and 
more  largely  and  coarsely  crystalline. 

64.  Dolomite, — Many  of  the  masses  of  dolomite  which  occur  in 
limestone  formations  are  certainly  altered  rocks,  the  original  texture  of 
the  mass  being  often  changed  as  well  as  its  chemical  composition. 

These  metamorphic  dolomites  are  generaUy  perfectly  crystalline, 
either  in  large  or  small  granules,  and  have  often  a  porous  texture,  so 
that  the  crystalline  granules  can  be  seen  to  touch  each  other  at  only  a 
few  points.  This  causes  them  to  be  easily  disintegrated,  and  fall  into 
a  kind  of  sand  consisting  of  grains  of  Bitter  spar.  It  is  often  more  • 
largely  cellular,  having  drusy  cavities  lined,  and  sometimes  filled,  with 
large  crystals  of  Bitter  spar.  The  colours  are  generally  yellowish- white, 
yellow,  or  brown,  sometimes  reddish. 

There  if*,  liowcver,  no  good  lithological  distinction  between  dolomite 
which  is  the  result  of  a  metamorjihic  action  upon  ordinary  limestone, 
and  dolomite  such  as  that  of  the  magnesian  limestone  formation  of  the 
uorth-eoist  of  England,  which  it  seems  impossible  to  suppose  was  other- 
wise fonned  than  as  an  original  deposition  of  magneaian  limestone. 

65.  Serpentine, — There  are  some  rocks  called  Serpentine  inter- 
stratified  with  higlily  metamoq^hosed  rocks  (Like  the  serj^entine  marble 
of  Ballyuahinch,  Giilway),  that  I  have  long  suspected  may  be  merely 
the  extreme  metamorphic  form  of  a  siliceous  magnesian  limestone,  the 
carbonates  being  converted  into  sQicates. 

Sir  W.  Logan,  director  of  the  geological  survey  of  Canada,  assured 
me  that  he  had  in  that  country  traced  serpentines  which  gradually 
passed  into  beds  of  imaltered  magnesian  limestone.  Mr.  Sterry 
Hunt  describes  the  association  of  serpentines,  or  ophiolites  and  ophi- 
calcite,  in  the  Report  of  the  Geological  Survey  of  Canada  for  1853 
and  1856. 

Serpentine,  however,  may  doubtless  be  sometimes  the  result  of  the 
raetamoq)hism  of  augitic  or  homblendic  rocks,  or  of  the  ashes  of  those 
rocks,  their  decomposition  and  degradation  if  they  were  traps,  but 
their  consolidation,  and  perhaps  alteration  by  heat,  if  they  were  fine- 
grained or  compact  ash. 

The  Schistose  METAiioRPHic  Rocks. 

The  term  "  schist "  is  used  here  in  a  restricted  sense,  as  applicable 
to  the  fissile  structure  of  "  foliated  "  rocks. 
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"  Foliation  "  is  a  term  applied  by  Mr.  Darwin*  to  those  rocks  which 
have  had  such  a  subsequent  structure  given  to  them  as  to  split  into  plates 
of  different  mineral  matter,  either  with  the  bedding  or  across  it  "  Cleav- 
age" indefinitely  splits  a  rock,  either  with  the  beds  or  across  them, 
without  altering  its  mineral  character,  and  thus  produces  **  slate." 

"  Lamination "  will  then  be  the  remaining  term  applicable  to 
"  shale,"  and  signifying  the  splitting  of  a  rock  into  the  original  layers 
of  de^wsition. 

When,  therefore,  we  wish  to  )ye  precise,  we  can  speak  of  the  folia- 
tiwi  of  schisty  the  cleavage  of  ilate,  and  the  lamination  of  shale, 

66.  Mica  Schist  consists  of  alternate  layers  of  mica  and  quartz,  the 
mica  generally  formed  of  a  number  of  small  flakes  firmly  compacted 
together,  and  the  quartz  more  or  less  nearly  resembling  vein  quartz. 
Many  mica  schists,  however,  contain  comparatively  little  quartz,  and 
seem  scarcely  to  differ  from  clay  slate  or  shale,  except  in  the  shining 
surfaces  of  their  plates  or  folia,  which  look  as  if  all  the  particles  of 
which  they  were  originally  composed  had  been  blended  together  so  as 
to  be  no  longer  separable. 

Mica  schist  has  often  a  minutely  corrugated  or  crumpled  structure, 
the  layers  being  bent  into  sharp  Vandykes  of  one,  two,  or  more  inches 
in  height  and  width. 

The  separation  into  layers,  or  "  foliation  "  of  mica  schist,  sometimes 
coincides  with  the  original  bedding  of  the  mass,  and  sometimes  is 
independent  of  it.  In  the  latter  case,  it  may  in  some  cases  have  taken 
the  direction  of  a  previously  existing  "  cleavage." — (Prof.  Ramsay, 
Geological  Jminial,  voL  ix.  p.  172.) 

Many  soft  higlily  micaceous  sandstones  require  only  a  little  indura- 
tion and  blending  of  their  particles  to  form  "  mica  scMst."  In  parts  of 
the  New  Red  sandstone  of  central  England,  the  rock  is  so  highly  mica- 
ceous as  to  split  into  thin  flags  of  a  quarter  of  an  inch  in  thickness  and 
a  foot  in  diameter  ;  and  these  can  be  split  by  the  nail  into  still  finer 
flakes.  The  application  of  great  or  of  long-continued  heat  would  easily 
cause  the  peroxide  of  iron  and  the  alumina  present  to  form  mica,  in 
addition  to  that  already  existing,  and  the  two  might,  perhaps,  coalesce 
into  layers,  leaving  the  partially  or  entirely  fused  quartz  grains  of  the 
sandstone  in  intermediate  layers  of  cjuartz. 

Instead  of  mica,  other  minerals  are  sometimes  found,  such  as  chlorite 
or  talc,  when  the  rock  would  be  called  chloritic  schisty  or  talcose  schist. 

Hornblende:  Schisty  again,  occiu^,  though  I  believe,  in  this  case,  the 
whole  moss  consists  of  flakes  of  that  mineral  without  any  alternation 

♦  The  terra  "foliated,"  however,  as  applied  to  schistose  rocks,  such  as  mica  acAW,  and 
distinguished  fh)m  "  cleaved  "  as  applied  to  slate,  was  first  suggested  by  Professor  Sedgwick 
in  his  paper  on  the  "  Stmctoro  of  iMge  mineral  masses."— (GeobyioaZ  Transactions,  voL  iii. . 
pp.  479  and  4S0.) 
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of  qoartsoee  layers.  The  Bame  lemark  holds  good  with  respect  to  the 
laxer  rock  called  actinoUte  $chi$t.  As  Hbx,  indeed,  as  my  own  observation 
goes,  1  should  doubt  the  existence  of  these  rocks  in  any  other  form 
than  as  the  result  of  a  partial  metamorphosis  of  some  homblendic 
** aah"  or  of  some  other  mechanically  formed  rock,  derived  from  the 
wear  and  tear  of  a  greenstone  or  a  syenite. 

67.  Oneiss  is  probably  of  aU  others  the  most  completely  metamor- 
phosed rock  that  retains  any  mark  of  its  original  mechanical  structure. 

Some  gneiss  can  only  be  distinguished  from  granite  by  the  regular 
arrangement  of  its  component  crystalline  particles  in  a  certain  parallel- 
iam,  so  as  to  give  it  a  slightly  schistose  structure,  or  '*  grain,**  as  it  is 
called  by  Professor  Sedgwick.  Other  varieties  of  gneiss,  again,  can 
only  be  separated  from  mica  schist  by  the  occasional  occurrence  of  little 
plates  of  feldspar  in  addition  to  the  layers  of  mica  and  quartz.  In 
hand  specimens,  indeed,  it  is  often  very  difficult  to  draw  any  sharp  line 
of  separation  between  mica  sdust  and  gneiss,  the  more  fissile  sixMnmens 
being  called  mica  schist,  while  the  firmer  ones  would  be  called  gneiss. 
Even  in  the  field  they  are  often  so  blended  together,  and  alternate  with 
each  other  so  frequently,  that  their  separation  is  impossible.  There  is 
therefore  almost  every  gradation  from  dull  clay  slate  through  glossy  and 
BO  called  talcosc  slate  into  mica  schist  and  gneiss,  and  thence  into  actual 
granite. 

Gneiss  might,  indeed,  in  its  purest  and  most  typical  form,  be 
termed  schistose  granite,  consisting,  like  granite,  of  feldspar,  mica,  and 
quartz,  but  having  those  minerals  arranged  in  layers  or  plates,  rather 
than  in  a  confused  aggregation  of  crystals.  In  si>cakiiig  of  it  as  schis- 
tose granite,  however,  we  must  never  forget  that  true  giiei.ss  was  never 
really  a  granite,  with  a  peculiar  laminated  structure,  but  that  it  was 
originally  a  laminated  mechanically  formed  rock,  a  sandstoie  more  or 
less  argillaceous,  containing,  indeed,  the  elements  of  quartz,  feldspar, 
and  mica,  but  not  exhibiting  any  more  appearance  of  those  minerals  at  its 
first  deposition  than  is  exhibited  by  any  of  the  ordinary  unaltered 
sandstones  with  which  we  are  familiar. 

It  would  be  difficult,  without  going  into  a  tediously  minute  detail, 
to  attempt  to  give  a  more  precise  lithological  description  of  gneiss,  since 
some  s]>ecimens  ore  precisely  like  a  crystalline  kind  of  sandstone  ;  others 
may  be  called  "  gneiss "  or  "  mica  schist "  indifferently,  while  others 
coidd  not  be  described  in  terms  that  would  not  equally  apply  to  granite. 

There  are  parts  of  the  granite  of  the  south-east  of  Ireland  where  it 
passes  into  a  rock  that  might  be  called  gneiss  from  the  parallel  arrange- 
ment of  its  mica  flakes,  but  this  is  merely  in  a  few  isolated  spots  for  a 
distance  of  a  few  feet,  just  as  in  other  spots  the  mica  becomes  plumose 
with  tlie  plates  arranged  into  half  radiating  bunches,  like  Prince  of 
Wales'  feathers. 
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Some  of  the  metamorphic  rocks  of  the  Alps,  on  the  other  hand, 
which  are,  I  believe,  in  reality  gnebs,  ncTertheleBa  resemble  granite  so 
completely,  that  no  one  looking  at  a  hand  specimen,  or  even  a  single 
block,  however  large,  would  venture  to  pronotmce  it  other  than  a 
genuine  grsuitic  rock,  formed  of  a  confusedly  crystalline  a^regete  of 
feldspar,  qimrtz,  and  a  dark  green  mineral  which  is  either  a  dull  earthy 
mica,  or  takes  the  place  of  mica.  I  believe  some  of  this  granitic- 
looking  rock,  if  not  all  of  it,  to  be  the  Bo-called  I^oti^ne.  If  it  were 
true  granite  it  would,  as  ProfesHir  Haughton  has  remarked,  be  difficult 
to  believe  the  third  mineral  to  be  talc,  i.e^  a  pure  silicate  of  magnesia. 
But,  whatever  be  the  exact  nature  of  the  third  mineral,  1  do  not 
believe  the  rock  to  be  a  granite,  but  merely  a  granitoid  gneiss.* 
Litholc^cally,  it  is  doubtless  not  to  be  distinguiBhed  from  granite,  but 
its  petrological  relations  prove  it  to  be  gneiss,  in  consequence  of  ita 
bedded  character  and  ita  regular  inter-etraliGcation  with  eveiy  variety 
of  mica  schist  and  gneiss,  and  that  often  in  beds  not  more  than  a  few 
feet  in  thickness.  There  seemed  to  be  a  regular  alternation  between 
the  most  granitic  and  the  most  earthy  schistose  bed,  the  extreme 
varieties  sometimes  lying  in  direct  apposition  agsiiiat  each  other,  some- 
times separated  by  intermediate  gradatioiis.  The  granitic  beds,  too, 
were  certainly  not  intruded  veins,  but  ran  evenly  between  the  other 
rocks,  and  were  evidently  contemporaneous  with  thenL 

In  the  puss  of  the  Tete  Noire,  between  Mortigny  and  Chamounix, 
the  traveller  may  see,  just  opposite  the  door  of  the  Tete  Noire  Hotel, 
even  a  conglomerate  converted  into  a  metamorphic  rock.  This  is  a 
confused  aggregate  of  mica  flakes,  encloeing  and  suirounding  pebbles  of 
white  quartz,  which  vary  in  size  from  that  of  ■  nut  to  that  of  a  man's 
head.  The  micii  was  not  deposited  in  worn  spangles  as  a  mere 
micaceous  sandstone  or  clay  enclosing  qnarti  pebbles  ;  or  if  it  was  90 
formed,  those  worn  micaceous  spangles  have  been  made  to  blend 
together  again,  and  form  a  rough  mica  schist,  enveloping  the  pebbles  in 
continuous  flakes  like  any  other  mica  schist. 

It  seemed  to  me  from  my  rapid  glance  at  the  Alps,  that  a  great  set 
of  beds  which  were  originally  formed  as  ordinary  mechanically  de- 
posited rocks,  argillaceous  and  areikacconn,  altematiDg  with  each  other 
in  gri'al  variety,  and  containing,  some  more  re&actory,  some  more 
easily  n-ilucible  substances,  had  been  all  acted  on  t<^ther,  while  deep 
in  the  earth,  by  the  metamorphic  agency  of  heat  (together  with  water 
and  whatever  other  solvents  might  be  necessary  to  set  the  chemical 
agents  at  work),  and  that  the  whole  had  been  accordingly  changed 
together  and  brought  into  their  present  crystalline,  semi-crj-stalline,  or 
scliistose  state,  and  eventually  tilled  up  into  a  vertical  position,  thrust 
Ib  Ua  BhU  nOe;  abmit  Iha  Huidsk  ntcifill. 
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up  towards  the  Burface,  and  exposed  at  it  by  the  removal  of  the  super- 
incumbent mass. 

I  shall  have  occasion  to  allude  to  this  subject  again,  when  speaking 
of  the  surface  forms  of  different  kinds  of  rock. 

WhUe  stating  my  belief  that  all  gneiss  was  once  sandstone,  I  by  no 
means  intend  to  assert  that  all  sandstones  could  be  converted  into 
gneiss,  for  it  is  obvious  that  purely  siliceous  sandstones  could  not,  but 
pwrtly  iiliceou*  sandstones  are  much  more  rare  than  is  often  supposed. 
The  great  mass  of  sandstones  and  of  clays  do  contain  the  elements  of 
feldspar  and  mica  as  well  as  quartz — that  is  to  say,  they  contain 
alumina,  iron,  potash,  soda,  magnesia,  etc.,  as  well  as  silica. 

Passage  of  Metamoiyhk  into  Jgntous  Rocks, — ^We  must  also  never 
forget  that  the  extreme  term  of  metamorphism  by  heat  is  actual  fusion 
and  reduction  into  the  state  of  an  igneous  rock,  and  that  it  is  possible 
therefore  that  some  igneous  rocks,  nay,  even  some  true  granites,  may 
be  metamorphosed  rocks,  aqueous  rocks  that  have  been  completely 
melted  down  and  absorbed  into  the  igneous  interior  of  the  globe.* 

If  we  look  ujwn  all  aqueous  rocks  as  in  some  shape  or  other  deriva^ 
tive  rocks — and  this  is  a  conclusion  from  which  we  cannot  escape — we 
must  regard  them  as  either  mediately  or  immediately  derived  from 
igneous  rocks.  With  regard  to  the  mechanically  formed  aqueous  rocks 
this  is  obviously  true,  because  if  we  trace  to  their  original  source  the 
silica  and  alumina,  the  quartz,  the  feldspar,  and  the  mica  of  which 
they  are  made  up,  we  must  eventually  arrive  at  some  igneous,  most 
probably  some  granitic,  rock  as  their  parent. 

But  even  as  regards  the  lime  and  the  soda,  and  magnesia  of  all  the 
chemically  and  oi^ganically  formed  aqueous  rocks  (setting  aside  the  car- 
bonaceous rocks),  we  are  compelled  to  suppose  that  the  water  first  de- 
rived those  minerals  from  the  decomposition  of  such  igneous  rocks  as 
contained  them.  The  carbonates  of  lime  and  magnesia,  and  the  sul- 
phates of  lime,  must  have  acquired  their  bases  primarily  from  the  de- 
composition of  the  silicates  of  lime  and  magnesia,  which  are  to  be  found 
in  the  igneous  rocks  ;  carbon  being  the  only  element  which  does  not 
seem  primarily  derivable  from  them.  Speaking  generally,  then,  it  need 
not  surprise  us  to  find  materials  that  had  once  been  fused  reduced 
again  to  that  condition.  It  is  true,  that  the  matters  that  acted  as  a 
flux  to  the  silica  and  alumina  of  the  igneous  rocks  may  have  been 
washed  out  and  xemoved  more  or  less  completely  from  the  debris  of 
those  rocks  which  form  our  sandstones  and  clays  ;  but  purely  siliceous 
sandstones  or  pure  clays  are  comparatively  rare  and  in  small  quantity, 
and  if  the  rocks  around  them  and  enclosing  them  were  remelted,  they 

*  From  some  recent  observationB,  especiaUy  those  of  Fh)fe88or  Haagfaton  and  Mr.  Boott 
on  the  rocks  of  Donegal,  it  would  appear  that  much  more  granite  has  this  metamorphic 
origin  than  has  hitherto  been  supposed. 
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would  soon  become  mingled  with  the  other  rocks  which  retain  their 
basic  constituents,  or  consist  more  or  less  entirely  of  basic  materials,  and 
thus  might  again  enter  into  the  constituents  of  the  igneous  rocks. 

There  can,  therefore,  be  nothing  either  unphilosophical  or  impro- 
bable in  regarding,  with  Sir  C.  LyeU,  the  whole  crust  of  our  globe  as 
consisting  of  materials  passing  through  an  endless  cycle  of  mutations, 
existing  at  one  time  as  igneous  rocks,  then  gradually  decomposed, 
broken  up,  separated  out,  sorted,  and  deposited  as  aqueous  rocks, 
whether  chemical,  mechanical,  or  organic,  at  a  subsequent  period 
metamorphosed,  and  ultimately  re-absorbed  into  the  igneous  rocks. 

In  this  view,  the  most  highly  metamorphosed  rocks  would  be  those 
most  nearly  hovering  upon  the  brink  of  re-absorption,*  and  gneiss 
accordingly  on  the  point  of  passing  into  granite,  and  in  some  cases 
almost  undistinguishable  from  it 

Metanwrphiam  of  Igneous  RocJcs, — Neither  is  metamorphism  con- 
fined to  the  aqueous  rocks,  but  is  probably  equally  active  among  the 
igneous  rocks  themselves,  although  there,  the  processes  are  more  con- 
cealed from  us.  Many  rocks  which  are  now  undistinguishable  from 
true  igneous  rocks,  may  have  been  formed  by  a  comparatively  slight 
metamorphism  of  ''ashes,"  or  other  mechanical  accumulations  of 
materials  derived  directly  from  igneous  rock,  iand  subsequently  brought 
within  the  influence  of  heat.  It  is  probable  that  many  amygdaloids 
may  be  altered  tuffs,  and  possible  perhaps  that  some  clinkstones,  whether 
volcanic  or  trappean,  may  have  a  like  origin.  Some  felstones,  again, 
may  be  but  baked  and  slightly  altered  feldspathic  ash. 

Some  real  and  originally  formed  igneous  rocks  may  in  like  manner 
undergo  metamori)ho8e8,  more  or  less  complex.  Some  felstone  or 
greenstone  porphyries,  for  instance,  may  have  acquired  their  porphyritic 
structure  by  long-continued  and  comparatively  gentle  heat,  acting  on 
previously  compact  trap  rocks.  The  same  comparatively  slight  action 
of  heat  may  have  caused  many  once  compact  or  porphyritic  igneous 
rocks  to  have  become  completely  crystalline,  and  possibly  may  in  some 
cases  have  generated  new  combinations,  and  produced  mineral  forms 
that  did  not  exist  in  the  original  rock.  Trapx)ean  rocks  may  thus  have 
become  granitic.  These  possibilities  should  be  borne  in  mind  when 
we  arc  endeavouring  to  explain  phenomena  that  otherwise  are  often 
difficult  to  imderstand. 

Tabular  Clarification  of  Rocks. — It  will  perhaps  be  useful  if  we 
give  here  the  foregoing  classification  of  rocks  in  a  tabular  form. 

*  Bach  Bpecolations  as  those  in  the  text  may  be  useless  enough  as  far  as  any  practical 
result  to  be  derived  ftx)in  them,  and  may  by  many  pentons  be  thought  uncalled  for.  The 
old  ideas,  however,  of  the  original  independent  origin  of  mica  schist  and  gneiss  still  linger 
in  some  men's  minds,  and  are  even,  as  I  am  informed,  coming  more  and  more  into  favour 
with  some  continental  geologists. 
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IGNEOUS  ROCKS. 


E$BentiaRif  Feldspathic 
Trachyte 

Trachytic  Porphyry. 
Pearlstone. 
Domite. 
Andesite. 
Clinkstone. 
Obsidian. 
Pumice. 

Tu£ 


Volcanic. 


.1 

s  ^ 


s 


Feldspar  and  Augite 
Dolerite. 
Anamesite. 
Basalt 

Nepheline  Dolerite. 
Leucite  Rock. 
Amygdaloid. 


Peperino. 


Trappean. 


Siliceo-feldspathic, 
Felstone. 
Pitchstone. 
Clinkstone. 
Feldspar  Porphyry. 


Feldspathic  Ash. 


i 

3 


•43 


I 


Feldspar  and  Hornblende yetc. 
Greenstone  or  Diorite. 
Euphotide  or  Gabbro. 
Hyperite. 
Melaphyre. 
Diabase. 
Aphanite. 
Lherzolite, 
Variolite. 
Kersantite. 
Eclogite. 
Disthene  Rock. 

Greenstone  Ash. 
Wacke  or  Claystone. 


Granitic  or  Super-silicated  Rocks. 


Quartzo-feldspathic. 
Pegmatite. 
Elvanite. 
Eurite. 


Quartzo-feldspathic  with  Honv- 
blende,  or  Mica,  etc, 
Svenite. 
Granite. 
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Arenaceous 


Argillaceous 


AQUEOUS  ROCKS. 

Mechanicallt  Forsced. 

{Gravel  or  Rubble. 
Conglomerate  or  Puddingstone,  and  Breccia. 
SancL 
Sandstone  and  Gritstone,  and  their  varieties. 
Clay  and  MuiL 
ClunclL 
Loani. 
MarL 
^  Shale  or  Slaty  Clay. 


Calcareous  . 

Siliceous 
Gyx>seous     . 
Saline 


Chemicallt  Formed. 

{Stalactite  and  Stalagmite,  Travertine,  etc. 
Some  Dolomites  / 
Siliceous  Sinter. 
Gyj)8um. 
Rock  Salt 


Organicallt  Derived. 


^<  ,  r  Limestone  and  its  varieties,  compact,  crys- 

'  <       talline,  chalky,  oolitic^   pisolitic,   some 

(      magnesian,  etc. 


mostly  from  animals 
Siliceous,  V 


probably  from  ftnimnla 

Carbonaceous, 

mostly  from  plants  . 


Flint  and  Chert. 

Peat. 

Lignite. 

CoaL 

Anthracite. 

Graphite. 


AERIAL  OR  EOLLAlN  ROCKS. 


Blown  Sand  on  coasts. 

Sand-hills  of  deserts. 

Calcareous  Sands  compacted  by  rain,  etc. 

Debris  at  foot  of  cliffs. 

Volcanic  Ashes,  etc,  falling  on  land. 

Soil 
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TeoeE  IN  WHICH  the  Original  Structubb  is  still  Apfabent. 


Arenaceous 
AigillaceouB 

Calcareous 


Quaitzite  or  Quartz-rock. 

Homstone,  Clay  Slate. 
/Primaiy,  Crystalline,  or  Saccharine  Lune- 
J      stone,  or  Statuary  Marble. 
J  Some  Dolomites. 
(^Serpentinous  Limestone,  Verde  Antique,  etc. 


Those  in  which  the  Original  Strugtttre  is  more  or  less  completely 

Obscured  or  Obliterated. 


Schistose  Rocks   . 


Mica  Schist 
Chlorite  do.  ? 
Talc        do.  ? 
Hornblende  do.,  etc.  ? 
Qneisd. 


PART  I. 
GEOGNOSY. 


SECTION  II.— PETROLOGY. 


CHAPTER  IX 


rottUATION    ( 


'   R0CK-BES8. 


The  term  Petrology  ia  here  used  rather  arbitrarily  to  fiignify  the  study 
of  rock  massea  ;  that  is  to  eay,  the  eiaminatioo  of  those  characten, 
etructurea,  and  accidents  of  rocka  which  can  only  be  studied  on  the 
loige  scale,  and  only  be  observed  in  "  the  field."  It  will  include  the 
modes  of  stratification,  of  separation  by  dinsional  planes,  of  fracture  and 
disturbance,  of  denudation  and  its  results,  the  methods  of  occurrence 
and  form  of  igneous  rocks,  and  their  relatiou  to  aqueous  rocks,  the  origin 
and  growth  of  mountain  chains,  and  the  fonnation  of  mineral  veins. 

Lamination  and  Stratitcatiim. — The  lamination  and  stratification 
of  the  aqueous  rocka  is  the  very  foundation  of  geology,  that  on  which 
all  the  more  important  deductions  of  the  science  ore  based.  It  is  there- 
fore necessaiy  to  describe  these  structures  in  some  detail. 

The  stratification  of  rocks  is  their  division  into  separate  strata  or 
beds. 

The  lamination  of  a  lock  is  the  separation  of  its  stratum  or  bed  into 
its  component  laminse  or  layers. 

Strata  vary  in  thickness  from  a  few  inches  to  several  feet 

Laminae  rarely  exceed  an  inch  m  thickness,  and  vary  from  that 
down  to  the  thickness  of  the  finest  paper. 

The  very  fine  laminai  (plates  or  layers)  of  which  some  beds  of  shale 
are  made  up,  have  been  already  mentioned.  Each  of  these  little  layera 
of  earthy  matter  is  obviously  the  teault  of  a  separate  act  of  deposition  ; 
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the  whole  bed  of  shale  being  formed  by  the  gradual  settlement  of  fine 
sediment,  film  after  film,  upon  the  bottom  of  some  tranquil  or  very 
slowly  moving  water.  "We  may  suppose  this  sediment  to  have  been 
carried  into  the  water  by  successive  tides  bringing  matter  from  some 
neighbouring  shore,  by  frequent  or  periodical  floods  of  some  river,  by 
the  gradual  action  of  some  current,  or  by  any  other  agent  which  could 
transport  fresh  materials,  at  different  intervals,  into  the  water.  What- 
ever may  have  been  the  exact  nature  of  the  action,  it  was  clearly  a 
gradual,  and  not  a  sudden  one  ;  and  some  considerable  time  must,  under 
any  circumstances,  be  allowed  for  the  deposition  of  a  bed  even  one  foot 
thick,  when  we  find  it,  as  we  often  do,  made  up  of  distinct  laminee,  fifty 
or  a  hundred  of  which  may  be  counted  in  each  inch  of  its  thickness. 
This  time  is  that  required  for  the  mere  act  of  settlement  in  the  water, 
without  calculating  that  which  is  requisite  for  its  transport  from  some 
distant  locality. 

Still,  although  some  time  was  required,  and  although  the  acts  of 
deposition  were  distinct,  yet  they  were  not  so  widely  separated  in  time 
as  to  aUow  of  any  great  consolidation  of  one  layer  before  the  next  was 
deposited  upon  it.  The  whole  set  of  laminaa  succeeded  each  other  so  as 
to  cohere  together,  and  form  one  bed,  which  may  be  quarried  and  lifted 
in  si7igle  blocks. 

In  some  shales,  certainly,  the  coherence  between  the  laminae  is 
but  slight ;  they  may  l>e  pulled  asimder  by  the  hand  ;  but  in  others 
it  is  more  complete,  and  in  some  quite  firm  ;  and  in  some  fine-grained 
laminated  grits  and  sandstones,  it  requires  almost  as  much  force  to  split 
them  along  the  lines  of  lamination  (with  the  ffrain,  to  use  a  common 
term)  as  it  does  to  break  them  across.  In  such  instances,  it  is  probable 
that  the  succession  in  the  acts  of  deposition  was  a  more  rapid  one,  than 
when  the  laminsD  separate  more  easily.  The  mere  degree  of  coherence, 
however,  of  the  laminss  of  a  stratum  is  by  no  means  so  sure  a  test  of 
the  shortness  of  the  intervals  between  their  deposition  as  their  dis- 
tinctness is  of  its  length,  since  all  the  subsequent  actions  of  pressure  and 
cementation  tend  to  force  them  to  cohere,  while  there  is  no  action  which 
can  possibly  tend  to  separate  them,  unless  that  of  weathering  close  to 
the  surface. 

The  planes  of  stratification  dififer  from  those  of  lamination,  in  as 
much  as  they  mark  a  total  want  of  coalescence  between  two  contiguous 
layers  of  rock. 

It  would  be  impossible  to  get  a  block  consisting  of  parts  of  two  beds, 
since  the  parts  would  fall  asunder  and  make  two  blocks. 

It  is  true  that  in  some  cases  parts  of  two  beds  may  partially  adhere 
together  if  carefully  removed,  but  this  is  obviously  the  adliesion  of  two 
things,  and  not  their  coalescence  into  one.  It  is  also  true,  that  in  some 
rocks  the  lamination,  and  in  some  even  the  stzatification  is  more  or  less 
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obscure.  In  such  cases,  the  indistinctness  may  be  done  sometimes  to 
the  comparative  rapidity  and  continuousness  of  the  act  of  deposition, 
but  in  others  it  is  due  to  the  subsequent  obliteration  of  structures  once 


Such  cases  are  quite  the  exception  to  the  rule,  and  do  not  at  all 
invalidate  it. 

If  the  coherence  of  the  lamiTTm  of  a  bed  is  the  result  of  the  com- 
parative shortness  of  the  intervals  between  their  deposition,  it  follows 
that  the  want  of  coherence  between  one  bed  and  another  is  the  result 
of  the  length  of  the  interval  between  the  deposition  of  the  beds.  £ach 
bed  had  time  to  become  consolidated,  to  a  greater  or  less  extent,  before 
the  next  was  deposited  upon  it,  so  that  the  latter  could  not  at  all 
coalesce  with  the  former.  The  planes  of  stratification,  then,  mark  an 
interruption  in  the  act  of  deposition,  a  pause  during  which  nothing  was 
deposited ;  the  duration  of  that  pause  being  very  considerably  longer 
than  that  of  the  intervals  between  the  successive  laminss. 

In  using  the  term  ''  plane,*'  we,  of  course,  must  not  take  it  in  its 
strict  mathematical  sense,  since  the  surfaces  both  of  laminse  and  beds 
are  often  uneven.  In  speaking  of  the  planes  of  lamination,  moreover, 
we  must  often  understand  merely  the  direction  in  which  the  laminae  are 
arranged,  whether  they  be  separable  from  each  other  or  not 

When  we  examine  a  cliff  or  a  face  of  rock  which  cuts  across  the 
planes  of  lamination  or  stratification,  we  speak  of  them  as  lines. 

If  we  are  at  a  loss  to  estimate  the  length  of  the  interval  between 
the  deposition  of  the  successive  laminae  of  a  bed,  still  less  have  we  the 
means  of  calculating  the  time  which  elapsed  between  the  formation 
of  one  bed  and  that  which  rests  directly  upon  it.  When  two  or  more 
successive  beds  are  of  precisely  similar  character,  as  two  beds  of  the 
same  kind  of  shale  or  sandstone,  we  should  naturally  suppose  that  the 
interval  between  bed  and  bed  was  not  indefinitely  greater  than  that 
between  lamina  and  lamina.  If  we  assigned  days  to  the  one,  we  might 
allow  weeks  to  the  other,  if  we  gave  months  to  the  one,  years  might  be 
given  to  the  other,  and  so  on.  Still  we  should  have  no  certain  grounds 
to  go  on,  and  the  interval  between  bed  and  bed  might  be  centuries  or 
thousands  of  years  for  anything  we  could,  in  the  majority  of  instances, 
shew  to  the  contrary.  When,  moreover,  the  two  beds  were  of  totally 
different  characters,  as,  for  instance,  where  a  bed  of  sandstone  or  lime- 
stone rested  on  a  bed  of  shale,  or  vice  versa,  we  should  feel  called  upon 
to  allow  a  larger  interval  between  their  deposition  than  where  the  beds 
were  similar.  Some  time  must  be  required  for  a  change  to  take  place 
ill  the  conditions  of  the  neighbourhood.  In  the  case  of  a  bed  of  sand- 
stone destitute  of  all  argillaceous  matter  resting  on  a  bed  of  shale,  we 
should  be  obliged  to  suppose  some  alteration  in  the  strength  or  direction 
of  the  currents,  so  that  all  the  finer  matter  was  swept  away,  and  only 
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the  coarser  or  heavier  depodted.  In  the  case  of  b,  ahale  restiiig  on  a 
Bandabme  we  should  enppoM  that  the  cunent  had  diminiahed  in  velo- 
d^  compared  with  that  formerlj  acting.  In  either  case  the  current 
might  have  come  from  a  new  quarter  where  onlj  the  particular  kind  of 
material  was  t<3  be  got 

The  eome  current  of  water  charged  with  a  mixture  of  gravel,  sand, 
and  mud,  and  having  ntrength  enough  to  carry  it  all  on  bother,  will, 
as  its  strength  lessens,  sort  and  separate  the  materials  from  each 
other,  depositing  them  in  the  oider  of  their  coarseness,  the  pehhles  and 
coarse  sand  first,  next  the  flner  sand,  and  laatlj',  the  mud.*  Three 
different  kinds  of  rock,  then,  might  under  certain  ciicnmstancee  be  de- 
posited at  the  same  time  hy  the  same  current  in  different  places.  But 
in  Older  that  either  sand  or  gravel  may  be  thrown  down  at  a  snbse- 
qiient  period  on  the  top  of  the  mud,  a  fresh  current  either  of  greater 
velocity  or  from  a  nearer  source  will  he  requited,  while  an  interval  will 
be  necessaiy  for  the  mud  to  consolidate  so  far  as  not  to  be  removed  hy  the 
new  current,  and  not  to  allow  the  freah  pebbles  or  sand  to  sink  into  it. 

In  the  case  of  a  limestone  occurring  either  on  shale  or  sandstone  we 
are  stiD  more  fottibly  led  to  the  supposition  of  a  great  change  of  con- 
ditions. If  the  limestone  be  a  pure  carbonate  of  lime  without  much  or 
any  admiituie  of  mechanical  detritus,  it  is  obvious  either  that  all  cur- 
nnts  had  ceased  in  the  water  which  had  previously  deposited  the  sand- 
stone or  the  shale,  or  else  that  they  were  no  longer  able  to  get  any 
earthy  matter  and  transport  it  to  that  place.  If,  indeed,  as  seems 
necessary  in  the  case  of  all  marine  limestones,  we  assign  an  oiganic 
origin  to  this  rock,  we  are  compelled  to  allow  a  period  prior  to  its  pro- 
duction sufficient  for  the  animals  from  which  it  was  derived  to  grow 
and  to  secrete  their  solid  materials  from  the  adjacent  water. 

It  is  possible,  indeed,  in  some  cases,  by  the  aid  of  the  remains  of 
animals  and  plants  found  fossil  in  the  rocks,  to  arrive  at  something  like 
a  rough  approximation  to  the  time  which  has  elapsed  between  the  for- 
mation of  successive  beds,  so  far  as  to  say  whether  it  was  long  or  short. 
There  are  cases,  for  instance,  in  whicli  we  find  on  the  surface  of  a  bed  of 
limestone  the  roots  or  attachments  of  a  particnlar  class  of  marine  ani- 
mals, called  encrinites,  which  when  alive  were  fixed  to  the  rock  by  a 
solid  calcareous  base.  These  attachments  belong  to  uTiimala  of  all  ages, 
and  are  in  great  numbers  ;  and  in  a  bed  of  clay  which  rests  imme- 
diately on  the  limestone,  there  are  found  a  multitude  of  the  remains  of 
the  upper  portions  of  these  animals,  likewise  of  all  sizes  and  ages,  see 
fig.  10.  Now  it  is  plain  that  in  this  cose,  after  the  limestone  was 
formed,  there  was  an  interval  during  which  the  sea  was  quite  clear  and 
free  from  sediment,  and  therefore  well  adapted  for  the  growth  of  these 

•  Jmt  u  ITU  pnvloniljr  ihewn  tot  mad  of  dlflbnot  dtgnsi  flf  «ou««ii«a  la  Kr.  B«b- 
iMge'a  obHmUona,  Mt  p.  lift 
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We  do  not  know  how  long  it  remained  so  before  any  of  them 
b^an  to  live  there,  hut  after  a  time  they  settled  on  the  limeetone  at 


g  Img- 


jTlng  ecieriiills  ittaished  to 


the  bottom  of  the  eea,  and  grew  and  flourished  there  for  a.  sufficient 
period  to  allow  of  succeggivo  generations  arriving  at  maturity  undis- 
turbed, before  the  time  when  a  quantity  of  mud,  having  been  carried 
into  the  water,  was  iltpoaited  upon  them,  and  killed  them,  tind  at  the 
same  time  buried  their  remains.  Some  of  these  reiuHinn,  even  the 
inaides  of  the  joints,  are  coated  over  with  the  calcareous  cases  of  serpu- 
1^  (a  kind  of  sea-worm),  sliewing  that  tliey  had  been  unhuried  in  the 
bottom  of  the  sea  for  some  years,  while  their  descendants  were  growii^ 
about  them.  Here,  then,  wo  have  an  interval  of  many  years,  if  not 
of  centuries,  between  the  formation  of  two  beds  which  rest  directly  one 
upon  the  other. — I^Li/elVa  Manual,  ch.  nx.) 

Many  instances  similar  to  this  occur  to  the  geologist  when  pursuing 
his  investigations,  although  not  often  admittii^  of  such  clear  illustration 
and  description. 

On  the  other  hand,  we  have  instances  of  fossil  trees  passing  through 
several  beds  of  sandstone,  in  such  a  way  as  to  shew  that  the  whole 
numler  of  beds  were  accumulated  after  the  tree  had  sunk,  anil  before 
it  had  time  to  rot  entirely  away.  These  trees  evidently  became  water- 
lo(%ed,  and  sunk  to  the  bottom,  where  they  rested  in  on  inclined  posi- 
tion, anchored  by  their  roots,  while  successive  deposits  of  sand  were 
accumulated  aroimd  them.  But  a  tree  thus  wholly  buried  in  water  will 
last  many  years  before  it  is  entirely  decomposed,  so  that  it  might  very 
well  have  become  enclosed  in  several  beds  of  sandstone,  esi>ecially  when 
we  recollect  that  it  forms  an  obstacle  to  the  currents  flowing  by  it,  and 
thuii  tends  to  check  their  force,  and  vatsc  the  deposition  of  sand  around 
it  nifire  rapidly  than  would  otherwise  take  place.  In  Enimous's  Ameri- 
can geology,  a  case  is  mentioned  of  the  stumps  of  pines  ttill  standing 
erect  on  the  bottom  of  the  sounds  or  shallow  inland  seas  along  the 
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Fig.  11. 


coast  of  North  Carolina,  although  the  period  of  the  gubmeigence  of  the 
Lmd  on  which  they  grew  is  quite  unknown.  Still,  whatever  number 
of  years  we  assign  to  the  accumulation  of  the  whole  mass  of  sandstone, 
we  should  be  inclined  in  this  case  to  suppose  the  deposition  of  the  sand 
to  have  been  comparatively  rapid,  and  the  intervals  between  the  depo- 
sition of  the  beds  comparatively  short 

It  is  possible  in  some  cases,  even  without  the  aid  of  organic  remains, 
to  discover  that  the  interval  between  two  adjacent  beds  was  a  long  one. 
For  instance,  we  not  unfrequently  find  that  two  beds,  which  in  one 
place  are  contiguous, 
do  in  another  place  let 
in  one,  two,  or  more 
separate  beds  between 
them,  as  in  Fig.  11, 
which  is  taken  from  a 
sketch  made  in  a  quarry 
at  Donnybrook,  near 
Dublin,  by  Mr.  Du 
Noyer.  It  is  obvious,  that  if  we  observed  the  beds  a,  e,  at  the  spot  marked 
A,  we  should  only  suppose  an  ordinary  interval  to  have  elapsed  between 
the  times  of  their  deposition  ;  while  on  tracing  the  beds  to  B,  we  are  com- 
pelled to  enlarge  that  space  of  time  sufficiently  to  allow  for  the  formation 
of  the  beds  b,  c,  and  c?,  and  the  intervals  hftioeen  them.  It  appears,  then, 
that  while  we  are  able  to  assign  a  sort  of  rough  limit  to  the  time  re- 
quired for  the  deposition  of  one  bed,  composed  of  a  number  of  laminee, 
we  are  rarely  able  to  assign  any  approximate  limit  to  the  time  required 
for  the  formation  of  a  number  of  beds.  Not  only  have  we  to  multiply 
the 'first  period  by  the  number  of  the  beds,  but  to  allow  for  an  equal 
number  of  intercalated  intervals,  of  altogether  uncertain  duration,  to 
represent  the  pauses  that  occurred  between  the  formation  of  each  two 
contiguous  beds. 

These  intercalated  intervals  would  be  most  probably  greater  than 
the  periods  of  deposition,  because  we  cannot  imagine  any  circumstances 
that  can  keep  up  a  continuous  or  rapid  deposition  of  earthy  matter, 
whether  chemical  or  mechanical,  for  a  long  period  of  time,  in  any  one 
particular  locality.  All  we  know,  or  can  conceive,  of  the  accumulation 
of  earthy  matters  in  the  seas  or  lakes  of  the  present  day,  shews  the 
action  to  be  partial  and  occasional,  a  bed  of  sand  being  formed  here,  a 
patch  of  mud  deposited  there,  a  bank  of  pebbles  accumulated  in  one 
place,  a  bed  of  oysters  or  other  shells  growing  in  another,  so  that  the 
bottom  of  the  sea  becomes  gradually  covered  by  several  unconnected 
patches  of  deposition  of  diflferent  kinds,  lying  side  by  side.  All  our 
experience  shews  that  for  any  great  thickness  or  vertical  succession  of 
beds  like  these  to  be  formed,  in  other  words,  for  the  depth  of  water  to 
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be  materially  diminiahed  (excejyt  in  narrow  bays  and  inlets),  a  gieat 
length  of  time  is  lequiied. 

The  soundings  in  shallow  and  well-freqnented  seas,  such  as  those 
aionnd  the  British  Islands,  certainly  do  not  alter  very  rapidly,  although 
they  doubtless  do  change  in  the  course  of  years  or  centuries.  In  the 
charts  originally  used  in  navigation,  the  character  of  the  bottom  is 
marked  in  different  places  as  ''  mud," ''  sand,"  "  sand  and  shells," ''  small 
stones,"  and  so  on,  and  these  characters  remain  sufficiently  constant  from 
year  to  year,  to  be  used  in  combination  with  the  depth  of  water  as  a 
guide  to  the  seaman,  and  enable  him  to  determine  the  situation  of  his 
vesscL  These  charts  remain  trustworthy  guides  certainly  for  many 
years.  This  shews  us  that  the  deposition  of  these  materials  is  not  going 
on  so  rapidly  in  our  own  seas,  as  to  materially  alter  either  the  depth  or 
the  nature  of  the  bottom,  in  any  short  space  of  time  ;  perhaps  not  for 
many  centuries. 

In  a  vertical  scries  of  beds  of  rock,  then,  we  may  feel  sure  that  each 
bed  will  be  to  that  below  it  like  Salius  to  Nisus  in  the  foot  race, ''  proxi* 
mus  huic,  longo  sed  proximus  intervallo ;"  and  a  third  will  follow 
"  spatio  post  delude  relicto."  Whether  we  take  the  whole  earth  generally, 
or  any  particular  sea  or  ocean,  and  limit  ourselves  to  the  consideration 
of  any  given  period  of  time,  we  must  look  upon  the  dejwsition  of  mineral 
matter  as  the  exception,  not  the  rule.  Of  many  himdred  thousand  square 
miles  of  sea,  only  one  perhaps  is  receiving  at  any  one  time,  the  accession 
of  any  mineral  matter  on  to  its  bed.  The  next  successive  deposition  may 
be  very  long  deferred,  and  may  occur  either  in  an  adjacent  or  in  a  "widely 
separated  locality ;  and  a  vast  number  of  these  partial  and  detached  acts 
of  foimation  ^-ill  be  required  before  the  whole  of  any  particidar  area  can 
be  covered  with  one  or  more  beds  of  rock.  In  reasoning  on  the  methods 
of  production  that  have  l^en  concerned  in  the  formation  of  our  great 
series  of  stratified  rocks,  which  are  nothing  else  than  so  many  old  **  sea- 
bottoms,"  we  are  compelled  to  suppose  a  gradual,  })artial,  and  interrupted 
action  to  have  operated  in  their  accumidation,  like  that  which  is  pro- 
ducing similar  beds  in  the  seas  and  lakes  of  our  own  time. 

When  we  rise  from  the  consideration  of  a  series  of  single  beds  to 
that  of  a  succession  of  groups  of  beds,  we  find  instances,  on  a  still 
larger  scale,  of  intervals  having  taken  place  in  the  deposition  of  strata, 
which  at  first  sight  appear  perfectly  continuous.  Iklr.  Prestwich,  in  his 
paper  on  the  "  Correlation  of  the  Eocene  Tertiaries  of  England,  France, 
and  Belgiimi"  (Journal  of  the  Geological  Society  of  London^  vol.  xi.,  p.  211), 
shews  that  on  examining  the  rocks  called  Tertiar}',  which  lie  above  the 
clialk  in  France,  they  appear  to  have  a  regular  continuous  sequence  of 
beds  of  sand,  and  clay,  and  limestone,  in  which  there  is  no  sign  of  any 
inter\'al  having  happened,  while  in  reality  a  group  of  the  English  ter- 
tiaries, known  as  the  London  clay,  having  a  thickness  of  nearly  600 
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feet  near  London,  was  depodted  in  an  interval  between  the  formation 
of  two  of  the  French  beds. 

Mr.  Prestwich  says,  speaking  of  the  series  as  it  exists  in  France, 
'^  Lithological  structure  and  superposition  seem  to  indicate  a  complete 
and  perfect  series.  ...  It  would  nevertheless  seem  that  there  is 
a  very  important  interval  between  the  *  Lignites  of  the  Soissonnais  *  and 
the  '  Lits  Coquilliers/  and  that  at  so  short  a  distance  as  from  Kent  to 
the  Department  of  the  Oise,  there  is  introduced,  wedge-shaped,  between 
these  two  deposits,  the  large  mass  of  the  London  clay,  with  its  multi- 
tude of  original  organic  remains.  Yet  there  is  not  only  no  evidence 
either  of  the  great  lapse  of  time,  or  of  the  important  physical  changes 
which  such  a  formation  indicates,  but  there  is  even  no  cause  for  sus- 
picion of  such  a  fact  in  the  apparently  complete  and  continuous  series 
of  the  *  Sables  Inferieurs'  of  the  north  of  France."  We  cannot  conceive 
the  London  clay  to  have  required  less  than  some  thousands  of  years  for 
its  formation,  and  it  may  more  probably  have  been  many  tens  of  thou- 
sands,  during  which  interval  no  corresponding  deposition  was  taking 
place  over  the  area  now  forming  part  of  the  north  of  France,  though 
deposition  did  take  place  both  before  and  after  this  period,  equally  in 
the  seas  which  covered  what  is  now  France,  and  what  is  now  Fngland. 

Still  larger  groups  of  beds  even  than  that  have  occasionally  to 
be  intercalated  into  a  series.  The  "  Carboniferous  slate  formation," 
for  instance,  of  the  south-west  of  L^land,  swells  out  to  a  maximum 
thickness  of  not  less  than  5000  feet  in  one  direction,  while  in 
another,  not  more  than  20  miles  distant,  it  dwindles  down  to  50  or 
100  feet,  and  maintains  that  diminished  thickness  pretty  constantly 
over  a  very  large  area,  not  the  least  trace  being  discernible  within  that 
area  of  the  absence  of  so  vast  a  series  of  beds,  as  may  be  seen  in  the 
adjacent  one. 

These  facts  have  not  hitherto  been  sufficiently  insisted  upon,  since 
they  have  a  most  important  bearing  on  the  theoretical  conclusions  of 
geologists. 

If  we  look  upon  the  laminae  of  a  stratum,  as  so  many  leaves  of  a 
book,  or  as  so  many  marks  on  a  tally,  proving  that  they  were  formed 
in  succession  one  after  another,  and  then  consider  the  strata  placed  one 
above  another  as  so  many  volumes,  or  so  many  tallies,  used  and  stored 
up  in  succession,  we  are  quite  justified  in  taking  them  as  positive  evi- 
dence for  the  lapse  of  time.  Each  act  of  formation  required  a  certain 
time  for  its  performance,  and  the  total  number  of  the  acts  prove  the 
lapse  of  a  certain  total  period  of  time. 

It  is  very  natural  to  look  to  this  positive  evidence  only,  and  to 
foiget  that  we  have  no  means  of  verifying  the  paging  of  the  leaves  or 
the  numbering  of  the  volumes,  or  of  determining  what  were  the  intervals 
between  the  marks  on  the  tallies,  whether  they  were  made  regularly 
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and  consecutively,  on  any  one  tally,  or  whether  in  any  particular  place 
we  have  the  perfect  series  of  Rallies. 

Such  considerations  as  these  just  now  laid  l>efore  the  reader,  will 
make  him  cautious  in  taking  for  granted  a  continuity  in  the  series, 
which  can  never  be  proved.  It  is  quite  impossible  in  any  quarry  to 
say  of  one  bed  that  rests  directly  on  another,  that  it  was  not  only  the 
next  formed  bed  at  that  particular  place,  but  that  no  other  bed,  or 
even  no  other  set  of  beds,  was  form©i  anywhere  else  in  the  interval 
between  them.  If  he  place  his  finger  on  the  plane  of  stratification 
between  two  beds,  that  little  space  may  mark  the  lapse  of  years,  cen- 
turies, or  millenniums. 

Extent  and  termiiuxtwn  of  Beds. — ^The  fact  of  the  presence  of  a 
set  of  beds  in  one  locality,  and  their  absence  in  another,  whether  that 
set  be  one  of  the  large  groups  which  we  call  "  formations,"  or  merely 
two  or  three  beds  ending  in  a  quarry,  as  in  fig.  1 1,  leads  us  to  another 
conclusion  respecting  beds  of  stratified  rock,  namely,  that  although 
sometimes  very  widely  spread,  they  are  not  of  indefinite  extent,  but 
must  end  somewhere.  This  ending  is  generally  a  gradual  one,  the  bed 
becoming  thinner  and  thinner,  till  at  last  it  disappears.  Sometimes, 
however,  though  rarely,  the  termination  is  more  abrupt 

Whether  we  reason  from  experience,  or  from  the  nature  of  the  case, 
we  should  never  be  led  to  believe  that  the  deposition  of  sediment  in 
water,  whether  it  be  a  chemical  or  a  mechanical  one,'  could,  except  in 
very  rare  instances,  be  co-extensive  with  the  whole  water.  With  respect 
to  the  sea,  we  cannot  conceive  any  natural  causes  which  could  produce 
such  an  universal  and  simultaneous  deposition.  The  wonder  perhaps 
is,  that  single  beds  sometimes  extend  over  such  very  wide  areas  as  wo 
really  find  them  to  occupy. 

The  extent  of  single  beds  is  most  certainly  ascertained  in  coal  min- 
ing, in  which  the  horizontal  (or  lateral)  extension  of  beds  is  followed. 
Particular  beds  of  coal,  or  of  shale,  or  other  rock,  having  recognizable 
characters,  are  sometimes  known  to  spread  throughout  a  whole  district. 
For  instance,  in  South  Staffordshire  a  bed  of  smooth  black  shale,  a  little 
below  the  Thick  or  Ten-yard  coal,  is  known  as  the  "  Table  batt."  It  has 
a  thickness  from  two  to  four  feet,  and  extends  over  all  the  greater  portion 
of  the  South  Staffordshire  coal  field — places  where  it  is  known  being 
ten  or  twelve  miles  apart  from  each  other  in  different  directions.  Its 
original  extension  was  probably  much  greater  since  the  beds  now  dis- 
appear in  one  direction  by  "  cropping  out,"  and  are  buried  in  others  at 
too  great  a  depth  to  be  followed.  Known  beds  of  coal,  with  a  particu- 
lar dc-^ignation,  such  as  "  Heathen  coal,"  extend  over  still  wider  areas, 
and  similar  iacU  occur  abundantly  in  most  coal  fields.* 

♦  Mr.  Hull  in  his  little  work  lately  pubUshed  on  the  "Coal  Fields  of  Great  Britain,"  says, 
"  that  one  bed  of  coal  called  in  part  of  the  Lanarkshire  coal-field  the  '  Arley  mine,'  but 
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at  the  junction  of  the  Ludlow  rock  and  Old  Red  j 
than  a  foot  thick,  and  frequently  only  one  or 
traced  at  intervals  over  a  space  of  forty-five  milei 
to  the  banks  of  the  Teme  near  Ludlow. 

I  have  myself  observed  in  the  south  of  Irelani 
liar  quartzose  conglomerate  about  a  foot  thick  in  th 
limestone  shale  at  Ardmore  and  in  Ballycotton  ba^ 
apart,  and  even  found  a  precisely  similar  bed  in  1 
at  Kil worth  near  Fermoy,  which  is  25  miles  to  tl 
more.  The  triangular  area  defined  by  those  three 
of  200  square  miles. 

Whether  these  beds  be  absolutely  continuous 
intervening  spaces,  these  facts  are  sufficient  to  pn 
conditions  over  very  large  areas,  so  that  wherever  < 
it  was  of  precisely  the  same  character.  Li  the  < 
mentioned  above,  the  conditions  under  which  they 
to  have  been  so  very  peculiar  that  they  may  per] 
88  exceptions  rather  than  as  examples  of  a  rule, 
sometimes  to  know  what  is  possible  as  well  as  wl 
neither,  probably,  would  they  be  found  to  be  vt 
were  more  often  possible  to  trace  a  single  bed 
which  it  occupies. 

When  from  a  single  thin  bed  we  come  to  t 
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a  bed  of  limestone  or  coal  occurriiig  in  others  having  a  purely  mechanical 
origin. 

We  maj  take,  as  an  example,  what  is  called  the  Bala  limestone  in 
North  Wales.  This  is  a  little  group  of  a  few  beds,  rarely  exceeding 
twenty  feet  in  thickness,  lying  in  a  series  of  gray  slaty  rocks  several 
thousand  feet  in  thickness.  The  lowest  bed  is  generally  a  black  crystal- 
line limestone^  over  which  are  several  beds  of  hard  crystalline  concre- 
tionary and  nodular  limestone  of  a  gray  colour,  alternating  with  more 
shaly  or  slaty  beds.  These  contain  small  black  nodules  possibly  of  a 
coproHtic  origLQ.*  The  softer  argillaceous  bands  wear  away  more  rapidly 
than  the  crystalline  layers,  which  accordingly  stand  out  in  relief  l^e  a 
cornice  moulding.  By  these  characters  the  Bala  limestone  may  often 
be  perceived  at  the  distance  of  half  a  mile  on  the  side  of  a  hill,  and 
distinguished  from  the  rocks  of  hard  gritty  slate  above  and  below  it. 
It  extends  from  near  Dinas  Mowddwy  on  the  south,  to  Cader  Dinmael, 
on  the  north,  a  distance  of  22  miles,  and  from  near  Llanrhaidr  yn 
Mochnant,  on  the  east,  to  the  valley  of  Penmachno  on  the  west,  a 
distance  of  24  miles ;  thus  occupying  an  area  of  400  or  500  square 
miles  at  least.  It  probably  was  once  much  more  extensive ;  because, 
though  we  reach  its  apparent  original  termination  in  one  direction  near 
Dinas  Mowddwy,  where  it  dwindles  to  a  thickness  of  two  or  thi-ee  feet, 
in  others  its  present  "  outcrop "  shews  no  symptom  of  diminution  of 
thickness  or  other  sign  of  original  termination. 

The  little  group  of  black  shales  just  now  spoken  of  as  the  Luwer 
limestone  shales,  is  always  found  just  at  the  base  of  the  Carboniferous 
limestone  in  the  south  of  Ireland,  from  Kerry  and  North  Cork,  to 
Waterford  and  Wexford,  over  an  ai*ea  of  150  miles  in  diameter,  and 
occurs  again  with  precisely  similar  characters  beneath  the  Carboniferous 
limestone  that  surrounds  the  coal-field  of  South  Wales.  It  varies  in 
thickness  from  20  to  200  feet,  having  very  constant  lithological  charac- 
ters over  all  that  space,  besides  extending  over  an  area  in  South  Cork, 
where  it  forms  the  upper  part  of  a  far  larger  mass  of  similar  beds. 

On  the  other  hand,  some  beds,  even  of  a  considerable  thickness, 
have  a  remarkably  small  extension,  being  mere  cakes,  thick  in  the 
middle,  and  thinning  out  rapidly  in  every  direction.  Tliis  happens 
sometimes  with  all  kinds  of  aqueous  rocks;  but  is  the  more  usual 
characteristic  of  the  coarser  mechanically  formed  rocks,  being  more 
common  in  sandstones  than  in  clays  and  shales,  and  more  frequent  in 
conglomerates  than  in  sandstones. 

Beds  of  sandstone  in  the  coal  districts  are   sometimes  found   to 

thicken  or  thin  out  very  rapidly.     This  is  easily  observ-able  -where 

sandstone  beds  ai'e  known  to  the  colliei*s  by  specific  names,  and  where 

the  coal  pits  are  near  together.     Tlie  miners  are  occasionally  tlu()\m 

*  A  "  coprolite  "  is  tho  petrified  dropping  of  some  animal. 
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out  in  their  calcuUtioiu  as  to  the  dt^>th  at  which  particular  coals  will 
be  foimd  by  these  irregularities,  which  ore  Bometiniea  so  great  and 
rapid,  as  to  be  called  "  faults "  by  men  not  accuBtomed  to  precision  in 
the  tenns  they  use.  Such  an  instance  occnts  near  Wednesbuty  in 
Sontb  StaffoTdshiie,  where  a  bed  of  sandstone  known  by  the  name  of 
the  "New  Mine  rock"  thickens  out  from  nine  feet  to  seventy-eight 
feet  in  the  course  of  a  few  yaids'  horizontal  distance.  In  other  parts 
of  the  district  this  sandstone  varies  from  fifteen  to  sixty  feet,  and  in 
some  places  is  entirely  wanting. 

In  examining  aandstonu  and  conglomerates,  the  conglomerates  or 
old  gravel  beds  are  often  found  to  be  very  partial  and  tnegular,  form- 
ing steep-sided  banks  and  mounds  enveloped  in  sand. 

In  these  cases,  although  it  was  obviously  a  work  of  time  for  the 
pebbles  to  have  been  ground  down  from  their  original  large  and  angular 
condition  to  their  present  small  rounded  form,  and  although  we  may 
very  well  suppose  them  to  have  been  washed  about  from  place  to  place, 
and  thus  to  have  eventually  travelled  far  from  their  original  site,  yet 
theii  final  deposition  in  the  place  whete  we  now  find  them  was  pro- 
bably a  rather  rapid  action. 

Conglomerates,  then,  may  be  quoted  as  examples  either  of  the 
length  of  time  required  for  their  formation  or  of  its  ihortruu,  according 
as  we  look  to  the  prejiaratioii  of  their  materials  or  the  actual  eUposilion 
of  them.  This  remark  holds  good,  too,  with  respect  to  all  other  coarse 
mechanically  formed  rocks. 

Brlation  betwen  tli«  Extent  and  the  CompotUion  of  a  Bed. — It  may 
be  stated  as  a  general  rule,  that  the  finer  the  materials  of  which  a  bed 
is  composed,  the  wider  is  its  area  and  the  more  equable  its  thickness, 
.  and  the  rule  holds  equally  good  for  groups  of  beds. 

In  a  group  of  beds  mode  up  of  alternations  of  fine-grained  and 
coarse  materials,  the  variations  in  thickness  in  different  parts  of  its 
area,  are  generally  due  to  the  changes  that  take  place  in  the  coarser  beds. 

In  other  words,  the  extent  and  equability  of  beda  is  generally  in 
direct  relation  with  the  specific  gravity  of  their  materials,  or  at  least 
with'  their  capacity  for  floating,  those  which  sank  moat  slowly  being 
moat  widely  and  equably  diffused  through  the  water,  and  rict  vtrid. 

A  most  remarkable  example  of  the  above  rule  is  afforded  us  in  the 
South  Staflbrdshire  coal  field,  where  a  group  of  "  Coal-measures  "  com- 
posed of  alternations  of  clays,  sandstones,  and  coals,  which  at  Esaington 
is  between  300  and  400  feet  in  thickness,  thins  out  towaids  the  south, 
by  the  gradual  dying  away  of  the  shales  and  sandstones,  so  that  in  the 
space  of  five  or  six  miles  the  difierent  beds  of  coal  come  to  rest  directly 
one  upon  the  other,  and-ve  continued  for  ten  miles  at  least  towards 
the  south  as  a  compound  seam  of  coal,  thirty  feet  thick,  with  but  a  few 
shaly  partings  between  the  beds. — IMtmt.  Owl.  Survey,  S.  Stafl'.  coal- 
field, 2d  Ed.) 
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The  principal  varieties  of  stratified  rock  are  UBuaUj  found  in  beds 
which  are  thinner,  more  extensive,  and  more  equable,  Iq  the  following 
order  : — 1.  Conglomerates,  the  thickest,  most  irregular,  and  occup^fing 
the  smallest  area ;  2.  Sandstone;  3.  C^ay  or  shale  ;  4.  limestone;  5. 
Coal,  the  thinnest,  most  regular,  and  most  widely  spread. 

Imgvlar  and  Oblipie  Lamination  and  Strati/calion. — la  shales 
the  laminoe  ore  remarkably  thin  and  regular,  all  parallel  to  each  other, 
and  parallel  also  to  the  planes  of  stratification.  In  many  fine-grained, 
and  in  some  coarse-grained  sandstones,  this  regularity  and  parallelism 
likewise  prevails.  In  other  sandstones,  however,  great  irregularity  is 
observable  in  the  lamins)  of  which  the  beds  are  made  up,  the  layers  of 
different  coloured  or  different  sized  grains  being  obhque  to  the  planes 
of  stratification,  and  various  sets  of  layeie  lying  sometimes  at  various 


angles  and  uiclimng  m  lifleixnt  direcli  iii  in  the  some  bed,  as  in  fig. 
1 2   which  18  taken  from  a  sketch  ma  Ic  on  the  coast  of  WatLrford. 
This  structure  is  a  proof  of  frequtut  change  of  direction,  and  pro- 

_^_^  babh   of  strength,  in 

^^^^=[^ ==^J?^-: _L_^_     the    currents     which 

i"""*      *■  ~~    a  ^=r=~    brought  the  sand  into 

'^'^  '■''^  water     If  we  sup- 

>^  poie  a  current  of  water 

^^~' ^    ninning  o\  i.r  a  surface 

mhich  i-nla  m  a  slope, 

^^  "  -■      as   at   o    in    fi),.    13. 

it   IS   cleor  tl  at  any   sand   which  is   being   drifted    al  iif,    the  bottom 

fruni   4     will    on  reaching,  a,   roll  down  into   tht   comi)amti\  clj    still 


\ 
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water  of  the  deeper  part,  and  remam  there  probably  undisturbed. 
Layer  after  layer  of  eand  may  thus  be  deposited  in  an  inclined 
position  according  to  the  slope  of  the  bank.*  On  the  other  hand, 
if  any  obstacle  arrests  the  sand  which  ia  being  drifted  along  the 
bottom  of  any  water,  some  of  it  will  be  pUed  up  into  a  heap,  and  a 
bank  wUl  be  then  formed  having  laminsd  more  or  less  inclined.  If  the 
current  shifts  its  direction,  another  bank  may  be  formed  with  its  lamino) 
inclined  at  a  different  angle  or  in  a  different  direction.  Moreover,  after 
one  bank  has  been  formed,  a  subsequent  change  in  the  velocity  or  the 
direction  of  the  moving  water  may  cut  off  and  remove  a  portion  of  it, 
or  excavate  a  channel  through  it,  and  this  hollow  or  fresh  surface  may 
be  again  filled  xip  or  covered  over  by  layers  having  a  different  form 
from  the  first.  In  this  way  water  subject  to  changes  of  current,  espe- 
cially shallow  water  full  of  eddies,  will  throw  down  or  heap  up  materials 
in  a  very  confused  and  irregular  manner. 

Oblique  lamination  of  beds  is  carried  out  sometimes  to  such  an 
extent  as  to  produce  several  beds,  sometimes  of  no  slight  thickness, 
which  lie  obliquely  to  those  above  and  below  them.  Instances  of  this 
were  observed  and  described  by  Mr.  G.  V.  Du  Noyer  in  the  Dingle  pro- 
montory, on  the  west  coast  of  Ireland.  He  pointed  out  to  me  such 
series  of  beds  lying  obliquely  to  each  other,  both  in  the  cliffs  and  in 
the  shores  exposed  at  low  water. 

I  have  also  observed  a  similar  case  in  South  Staffordshire,  where, 
over  a  space  at  least  a  quarter  of  a  mile  across,  quarries  were  opened 
shewing  beds  of  sandstone  inclined  at  an  angle  of  30°,  while  a  hori- 
zontal bed  of  coal  stretched  a  little  way  below  over  the  whole  area. 

It  is  a  modification  of  the  same  action  probably  which  has  produced 
what  are  called  "rolls,**  "sweUs,**  or  "horses'  backs,**  in  the  Coal 
Measures,  and  probably  in  other  rocks  where  they  remain  less  noticed. 

A  long  ridge,  and  sometimes  one  or  two  parallel  ridges,  of  clay  or 
shale  are  occasionally  found  rising  from  the  floor  through  one  or  more 
beds  of  coal,  "  cutting  them  out"  for  a  certain  distance,  to  use  the  miners* 
terms.  The  crest  of  such  a  ridge  is  sometimes  eight  feet  above  the  floor 
of  the  coal,  with  a  very  gentle  inclination  on  either  side,  the  beds  of 
coal  ending  smoothly  and  gradually  against  it. — (See  Mein9,  Oeol,  Survey , 
S.  Staff.,  2d  edition.)  Its  formation  was  obviously  anterior  to  that  of 
the  coals  which  it  "  cuts  out ;"  those  coals  and  the  "  swell**  itself  being 
regularly  covered  either  by  a  higher  bed  of  coal,  or  by  the  "  roof**  of 
the  seam,  without  any  interruption  or  disturbance.     The  swells  are 

"  A  very  pretty  little  machine  has  been  invented  by  Mr.  Sorby  for  producing  this  oblique 
lamination.  Sand  poured  into  a  small  trough  is  carried  forwards  by  means  of  a  screw,  and 
fUling  down  into  a  narrow  8paceT)etween  a  board  and  a  sheet  of  glass,  arranges  itself  in 
inclined  layers  according  to  the  rapidity  with  which  the  8cr«w  is  worked  and  the  angle  at 
which  the  instrument  is  held. 
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sa  200  or  300  yarda  long,  and  10  o 
(See  fig.  14.) 
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1  i  yards  wide  at  the  base 


:b  conliiDiDg  btlla  of  Iranstoae :  b  b,  bedi  of  coal. 


OurreiU  Mart  or  Ripple. — Another  effect  of  current  is  to  produce 
B  "ripple"  or  "  cnrrent  mark"  on  the  surface  of  a  bed  of  saodstone  or 
aandy  Bhale.  Thia  rippled  surface  is  exactly  the  same  as  that  which  is 
seen  on  the  sands  of  the  sea-shore  when  left  dry  by  the  tide,  and  which 
may  occaaionally  be  seen  at  the  bottom  of  any  clear  water  where  a 
cnnent  is  moving  over  eand.  It  may  be  observed  also  sometimes  on 
sand-hills  on  dry  land,  where  it  is  produced  by  the  drifting  action  of 
the  wind.  Either  wind  or  water,  as  they  roll  liefore  them  the  litlle 
grains  of  sand,  tend  to  pile  them  into  i;maU  ridgeH,  which  are  perpe- 
tually advancing  one  on  the  uiber,  iu  consequence  of  the  little  grains  of 
sand  being  successively  pushed  up  the  windward  or  weather  side  of 
the  ridge,  and  then  tolling  over  and  resting  on  the  lee  or  sheltered 

It  is  produced  ou  the  sea-beach,  nut  in  consei^uence  of  the  ripple  of 
the  wave  impressing  its  own  fonii  on  the  sand  below,  which  would  be 
an  impossibility,  but  because  of  the  uioring  current  of  water  as  the  tide 
advances  or  recedes.  Wind  moving  over  the  surface  of  water  causes  u 
ripple  on  that  surface.  Wind  or  water  moi-ing  over  the  surface  of  fine 
incoherent  sand  causes  a  similar  ripple  upou  it.  The  ripple  on  the 
surface  of  the  water  is  quite  momentary,  since  the  perfect  mobility  of 
the  particles  of  a  liquid  among  eoch  other  causes  them  to  tend  to  ammge 
themselves  so  as  to  produce  a  level  surface  the  instant  the  lateral  impulw! 
is  withdrawn.  The  ripple  on  the  surface  of  sand,  however,  remains 
when  the  lateral  pressure  of  the  water  or  air  current  ceases  to  act,  and 
is  permanent  unless  obliterated  by  some  subsequent  force. 

If  the  rippled  surface  be  covered  by  the  trouqnil  deposition  of  a 
film  of  clay,  or  if  it  acquire  some  degree  of  consolidatiim  before  another 
layer  of  eaiid  be  blown  or  drifted  over  il,  it  may  remain  flxod  for  ever. 
In  fine  grained  sandstones,  it  is  not  unusual  to  finil  many  siicccsrive 
rippled  surfaces,  one  under  the  other,  at  spaces  of  some  inches  or  some 
feet  a[>art  vertically. 

It  is  clear  that  the  under  surface  of  the  layer  of  sand  which  is 
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deposited  upon  a  rippled  sni&ce  will  itself  tolce  a  cast  of  the  rippl«d 
form,  and  when  the  two  aurftices  are  removed,  and  placed  side  by  aide, 
it  may  not  always  be  easj  to  ta,y  which  was  the  original  ripple  and 
which  its  cast 

In  like  manner,  when  beds  having  rippled  surfaces  have  been  tilted 
up  naturally  into  a  vertical  position,  or  pushed  beyond  that  so  as  to  be 
partially  inverted,  it  may  not  be  easy  to  say  which  surface  was  originally 
the  npper  and  which  die  lower.  Sometimes,  however,  this  can  be 
ascertained  either  from  the  form  of  the  ripple  itaelf,  or  from  otbei 
markings,  and  the  character  occasionally  becomes  of  value  as  assisting 
to  prove  the  feet  of  inversion. 

The  existence  of  a  rippled  surface  is  no  evidence  of  itself  as  to  the 
depth  of  the  water  in  which  it  was  formed.  A  current  of  water  of  any 
depth  whatever,  which  pushes  grains  of  sand  along  the  bottom,  may 
produce  a  rippled  surface  on  that  sand.  The  ripple  on  the  surface  of 
water,  or  on  that  of  dry  sand-hills,  is  produced  at  the  bottom  of  the 
atmosphere,  and  if  the  lower  stratum  of  deep  water,  no  matter  what 
the  depth  might  be,  moved  in  like  manner,  it  would  produce  a  similar 
effecL  Rippled  surfaces  will,  however,  be  more  frequently  produced  at 
the  bottom  of  shallow  than  of  deep  water,  because  the  requisite  currents 
are  more  frequent  in  the  former  than  the  latter. 

The  size  of  the  ripple,  or  the  distance  from  crest  to  crest  of  the 
ridges,  varies  from  hnlf  an  inch  to  eight  or  ten  inches,  with  a  propor- 
tionate variation  in  the  depth  of  the  hollows  between  them.  Sandstones 
of  all  ages,  from  the  oldest  known  rocks  to  the  most  modem,  have  occa- 
sionally rippled  surfaces.  Magnificent  examples  are  sometimes  shewn 
in  the  cli^  of  the  south-west  coast  of  Ireland,  where  highly  inclined 
beds  are  sometimes  seen  bared  in  the  face  of  the  c1i&  at  the  sides  of 
small  bays  or  coves,  exposing  most  beautifully  and  symmetrically  rippled 
surfaces  over  an  area  of  a  hundred  or  two  hundred  feet  in  diameter. 

Mr.  Sorby  has  shewn  that  inferences  may  be  drawn  &om  the  exa- 
mination of  these  "current-marks"  as  to  the  strength  and  direction  of 
the  currents  that  caused  them,  and  that  we  may  thus  reason  back  to 
some  conclusions  as  to  the  phy^cal  geography  of  particular  districts  in 
former  geological  periods. 

In  places  where  the  current  was  tronbled  and  confused,  a  modifica- 
tion of  these  rippled  surfaces  is  sometimes  produced,  tlie  bed  being 
irregularly  mammillated  on  its  surface,  which  is  pretty  equally,  althongh 
irregularly,  divided  into  smaller  hollows  and  protuberances  of  a  few 
inches  diameter.  This  suriace  structure  may  be  seen  in  process  of 
production  now,  on  shores  where  spaces  of  sand  are  enclosed  by  rocks, 
so  that  as  the  tide  falls  it  ia  made  to  run  in  different  directions  among 
the  rock  channels  ;  but  it  wonld  probably  be  caused  at  any  depth  at 
which  a  current  could  be  dmilarly  troubled  and  confused.     It  is  not 
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nnfreqnently  teen  among  gritsbmes,  even  those  of  the  vei;  oldeit  rocka. 
It  might  he  called  ^  dimpled  ciurent-mark." 

A  eonduiioik  of  some  importaace  to  geolq^cal  theorf  may  be  derived 
from  these,  as  from  other  physical  itructnres  in  rocks,  namdy,  that  the 
strength,  velocity,  and  mode  of  action  of  moving  water  in  the  old 
geological  periods  was  precisely  of  the  same  kind  and  intensity  as  those 
with  which  we  are  familiar  at  the  present  day. 

Qmtemporaiuoiu  Eretiim  and  Filling  up. — Stratified  rocks  some- 
times occur  in  inch  a  way  with  respect  to  each  other  as  to  shew  that  a 
bed,  not  only  of  sand,  bat  of  clay,  coal,  or  other  soft  rock,  after  being 
finmed,  has  had  channds  or  hollows  cut  into  it  by  mrrents  of  water, 
and  th«e  hollows  have  been  filled  up  by  a  part  of  the  bed  next  depo- 
sited. 

In  fig.  IS,  taken  from  a  rood  cutting  in  the  New  red  sandstone  at 
Sbipl^  Common,  neat  Wolverhampton,  1  is  a  bed  of  red  and  white 


marl  or  clay ;  S  is  a  chocolate  brown  sandstone  with  irregular  beds  and 
patches  of  marl ;  3  is  a  bed  of  red  marl,  like  1,  but  which  seems  at 
one  time  to  have  been,  thicker  than  it  now  is,  and  to  have  had  some 
part  of  its  upper  HUrfac«  carried  off  before  the  deposition  of  4,  which  is 
a  brown  sandstone,  that  in  like  manner  seems  to  have  had  its  upper 
surface  eroded  and  the  hollows  filled  up  by  the  deposition  of  &,  which  . 
is    a  mottled,  red   brown  and  white,  calcareous  sandstone,  or  com- 

This  erosion  sometimes  affects  even  a  small  group  of  beds.  In  the 
tertiary  beds  near  Paris,  which  are  believed  to  have  been  deposited  in  a 
■hallow  bay  or  gulf,  receiving  rivers,  aud  therefore  traversed  by  currents, 
this  stmctore  is  frequent.  Two  remarkable  examples  were  observable  in 
the  large  excavation  near  the  terminua  of  the  Rouen  railway.  In  « 
cliff  abont  40  feet  high  in  the  fresh-water  limestone  formation,  called 
the  Calcaire  St  Ouen,  two  trough-like  hollows  were  seen  about  50  yards 
apart  ;  the  beds  previously  formed  having  been  excavated  for  a  depth 
of  20  feet  and  a  width  of  1&,  and  the  hollows  thus  formed  being  filled 
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up  by  irregalar  memBciu^Iuped*  ezpuuioiu  of  the  upper  beds,     (^ee 
fig-  16.) 


q  tflrtliTj  rocka 


Full,  UlHl  Dp  hy  tUckcnlDg  of  the  nibw- 


I  am  not  aware  whetlier  the  French  geologists  believe  that  any  con- 
udecable  geological  period  elapsed  between  the  deposition  of  the  beds 
thus  eroded  and  those  vhich  fill  up  the  hollows. 

Similar  trough-like  hollows  are  met  with  in  coal  mining,  traversing 
beds  of  coal,  the  coal  being  eaten  awaj,  and  the  hollows  filled  up  by  the 
matter  whidi  compose  its  roof,  such  as  clay,  shale,  or  sandstone.  Mr. 
Buddie  has  described  very  fully  one  met  with  in  the  Forest  of  Dean, 
where  the  miners  gave  the  name  of  "  the  horse  "  to  the  stnff  which  thus 
seemed  to  come  down  and  press  out  the  coaL  This  trough  was  found 
to  branch  when  traced  over  a  considerable  area,  as  in  coal  mining  it 
necessarily  was,  and  t4)  anume  all  the  appearance  of  having  been  foimed 
by  a  Uttle  stream  with  small  tributaries  falling  into  it ;  the  channels 
of  the  stream  being  afterwards  filled  np  by  the  subsequently  deposited 
materials  that  were  spread  over  the  whole  coaL—{Tratu.  Oeol  See. 
Land.,  vol.  vi  n.  3.) 

Another  modification  of  this  erosive  action  is  represented  in  Fig. 
17,  taken  from  a  sketch  made  in  a  quarry  in  the  neighbourhood  of 
Hobart  Town,  Tasmania,  where  a  bed  of  soft  brown  unctuous  clay,  about 
a  foot  thick  {b),  lying  between  two  beds  of  hard  white  sandstone  (a  and 
d),  suddenly  ended,  and  its  place  was  occupied  by  sandstone  {c),  similar 
in  character  to  the  beds  above  and  below  it.  We  must  in  this  case 
suppose  that  after  the  formation  of  the  bed  of  sandstone  {a  a),  a  bed  of 
clay  [b)  was  deposited  over  a  certain  portion  of  the  area,  and  that  then 
a  cnrrent  of  water,  bringing  in  sand,  wore  back  the  little  bed  of  cU^, 
eating  into  it  so  aa  to  form  a  small  cliff  or  step,  and  depositing  the 

•  A  raentwiu  t>  (  Itni  conan  on  ona  nuAot,  sad  conni  m  tli«  othu,  Um  nibeM 

nwUiig,  whlBh  tJioM  orUw  b* 
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sand  (p)  afterwardB  against  it,  as  represented  in  the  diagram.  The  two 
beds,  thns  exactly  on  the  same  level,  but  not  exactly  contemportmeoui, 
weie  finally  covered  by  the  bed  of  sandstone  {d  d),  which  spread  eqnaUy 
over  both  of  them. 

We  see  in  this  case  proof,  that  although  the  bed  e  is  exactly  on  the 


Fig.  17. 
Eroded  termination  of  bed  of  clay,  with  sandstone  formed  against  it  (Hobart  Town, 
Tasmania). 

same  level  as  the  bed  b,  both  reposing  on,  and  both  covered  by,  the 
same  beds,  yet  they  are  still  not  exactly  of  the  same  age,  but  that  c  was 
formed  subsequently  to  b,  inasmuch  as  b  was  not  only  formed,  but 
partially  destroyed,  previously  to  the  formation  of  c.  Such  facts  give  us 
farther  proof  of  the  length  of  the  intervals  which  may  elapse  between 
the  formation  of  two  beds,  such  as  a  and  d,  and  also  caution  us  not  in 
all  cases  to  infer  strict  synchronism  from  the  fact  of  beds  occupying  the 
same  geological  horizon. 

CofUemporamity  of  Beds  on  same  Horizon, — ^If  a  group   of  beds, 
whether  huge  or  small,  have  the  arrangement  shewn  in  fig.   18,  the 
B 


Fig.ia 

order  of  the  formation  of  the  beds  is  clear  enough  as  regards  a,  6,  and  c;  but 
rfi  and  d*  may  either  have  been  deposited  contemporaneously,  or  one  before 
the  other ;  e  is  clearly  subsequent  to  them  both  ;  but  the  relative  age  of /» 
and/*  is  uncertain,  while  there  is  no  doubt  about  that  of  y  and  h.  If  we 
wished  to  estimate  the  whole  time  consumed  in  the  formation  of  such  a 
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BCt  of  beds,  it  would  be  obviously  wrong  merely  to  take  their  mean 
thickness,  as  shewn  at  A  B,  for  the  measure  of  tiiat  time.  The  whole 
thickness  of  a  had  been  deposited  before  h  had  been  begun,  and  both 
were  complete  before  c  was  formed.  If,  therefore,  we  assume  thickness,  or 
quantity  of  material  deposited,  as  the  measure  of  time  occupied  in  depo- 
sition, it  is  clear  that  we  should  add  together  the  maxima  of  a,  6,  c,  and 
not  take  their  mean  ;  and  in  doing  this,  we  should  feel  some  doubt  as 
to  whether  we  ought  not  to  reckon  ^  and  (f«,  and  similarly  /*  and  /*,  as 
two  8e})arate  and  consecutive  beds,  instead  of  supposing  them  to  have 
been  formed  at  the  same  time. 

The  more  carefully  we  study  the  stratified  rocks,  the  more  extensive 
become  the  periods  of  time  we  have  to  allow  for  their  formation,  and 
the  more  numerous  ^d  longer  are  the  intervals  of  non-deposition  that 
occur  to  us. 

Interatratificationy  Association,  and  Alternation  of  Bed^,  —  No 
general  rule  can  be  laid  down  as  to  the  association  of  different  kinds  of 
beds  with  one  another.  Limestones,  sandstones,  and  clays  occur  either 
in  separate  groups,  or  intcrstratified  one  with  the  other  in  every  imagin- 
able variety  of  disposition. 

We  have  sometimes  a  series  of  beds,  many  hundreds  of  feet  in 
aggregate  thickness,  of  pure  limestone,  with  scarcely  a  single  seam  of 
clay  or  sand,  even  so  much  as  an  inch  thick.  Instances  of  this  are 
shewn  in  the  Chalk  of  the  south-east  of  England,  and  the  Carboniferous 
Limestone  of  Derbyshire,  and  of  large  portions  of  Ireland. 

In  the  case  of  the  Chalk,  there  is  in  some  ''places  a  thickness  of  as 
much  as  1000  feet  of  soft,  almost  powdery,  and  nearly  pure,  white, 
carbonate  of  lime,  that  looks  more  like  an  artificial  than  a  natural  pro- 
duct Its  stratification  even  is  occasionally  indistinct,  as  if  there  had 
been  almost  a  continuous  deposit  of  this  material  with  scarcely  any 
interruption,  though  this  is  probably  the  result  of  the  comparatively 
slight  consolidation  of  the  rock  rather  than  of  its  rapid  accumulation. 

In  the  district  called  Burren,  in  county  Clare,  there  are  hills  more 
than  1 000  feet  high,  exposing  slightly  inclined  beds  of  Carboniferous 
limestone  perfectly  bare  of  soil,  or  any  other  covering,  from  their  sum- 
mits down  to  the  sea.  A  thickness  of  1400  feet,  at  least,  is  thus  shewn 
without  a  trace  of  any  other  bed  than  pure  gray  limestone. 

Series  of  beds  of  sandstone,  almost  entirely  devoid  of  calcareous  or 
argillaceous  matter,  and  having  a  total  thickness  of  many  hundred  feet, 
likewise  frequently  occur.  Old  gravel  beds,  now  compacted  into  con- 
glomerate, are  often  associated  with  these  ;  and  the  sandstones  exhibit 
every  variety  of  texture,  from  lines  of  small  pebbles  to  the  finest 
possible  grains.  In  such  masses  of  sandstone,  it  is  rare  to  find  any 
foreign  bodies,  and  mineral  concretions  or  chemical  deposits  hardly  ever 
occur  in  them* 
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Groups  of  beds  of  almost  pure  day  also  occur,  making  up  a  total 
thickness  of  several  hundred  feet,  with  hardly  a  single  bed  of  sandstone 
or  limestone  to  be  found  in  them. 

While  cases  of  this  acciunulation  of  one  particular  kind  of  matter, 
of  great  thickness,  are  by  no  means  rare,  it  is  perhaps  more  usual  to 
find  different  beds  of  rock  alternating  one  with  the  other,  sometimes  so 
interstratified  that  there  is  never  a  greater  accumulation  than  twenty  or 
thirty  feet  of  any  one  sort  without  others  interposed  between  them. 

Beds  of  limestone  are  frequently  separated  by  beds  of  clay  or  shale, 
which  is  most  commonly  black  or  brown.  These  shales  are  themselves 
sometimes  calcareous,  and  there  seems  occasionally  to  have  been  such 
an  equal  mingling  of  the  two  kinds  of  matter,  that  it  is  hard  to  say 
whether  it  would  be  most  proper  to  call  the  rock  a  shale  or  a  lime- 
stone. Such  are  some  of  the  beds  known  as  calp  shale  or  calp  lime- 
stone in  the  middle  districts  of  Ireland. 

Beds  of  sandstone,  again,  often  alternate  with  such  shales,  so  that 
we  get  a  series  of  beds  consisting  of  alternations  of  all  these  kinds. 
Beds  of  limestone  sometimes  alternate  with  sandstones,  some  of  which 
may  likewise  be  calcareous ;  but  it  is  more  rare  to  find  pure  limestone 
and  pure  sandstone  interstratified  with  each  other,  than  to  have  clayey 
beds  alternating  with  either  or  with  both.  Speaking  generally,  indeed, 
we  find,  in  examining  the  vertical  succession  of  beds  of  rock,  an 
approach  to  the  same  kind  of  passage  or  gradation  that  we  sometimes 
perceive  in  their  lateral  extension.  Beds  of  very  fine  and  very  coarse 
materials  rarely  rest  directly  one  upon  the  other.  Conglomerates  are 
generally  covered  and  underlaid  by  sandstones,  and  not  by  clays  or 
shales.  Coarse  sandstone,  in  the  same  way,  has  usually  a  bed  of  finer 
sand,  either  above  or  below,  before  shale  or  clay  occurs. 

The  transition  from  the  conditions  favourable  to  the  deposition  of 
one  kind  of  rock  to  those  conducive  to  another  has  generally  been 
gradual  rather  than  abrupt.  The  tranquil  water  of  the  open  sea, 
which  seems  to  be  the  general  producer  of  limestone,  becomes  first 
invaded  by  gentle  currents,  bringing  in  finely  suspended  mud,  before  it 
is  traversed  by  those  of  sufficient  strength  to  carry  out  the  coarser 
material  of  sand.  Not  unfrequently,  however,  alternations  of  finer  and 
coarser  grained  laminse  occur  even  in  the  same  bed,  proving  that  the 
bed  was  formed  by  a  succession  of  actions,  and  by  as  many  different 
deliveries  of  matter  into. the  water  as  there  are  sets  of  alternations. 

It  will  be  well  perhaps  to  give  here  a  few  instances  of  alternation 
of  beds,  taken  from  actual  observation  and  measurement.  The  first  is 
from  Phillips's  Otology  of  Yorkshire^  vol.  ii.,  p.  66.* 

•  In  all  tabnlar  lists  of  beds  or  formations  in  this  work,  the  series  will  be  arranged  on 
the  page  in  their  order  of  superposition,  but  they  will  be  numbered  in  order  of  age,  begin- 
ning with  the  oldest  or  first  formed. 
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Na 
21. 
20. 
19. 
18. 
17. 
16. 
15. 
14. 
13. 
12. 
11. 
10. 

9. 

8. 

7. 

6. 

5. 

4. 

3. 

2. 

1. 


Feet 

Beds  of  Bandstoue,  called  Millstone  Grit,  together       .  87 

Beds  of  shale,  taken  together 30 

A  bed  of  limestone 2 

Beds  of  shale 18 

A  bed  of  limestone 3 

Beds  of  shale 6 

A  bed  of  limestone        . 3 

Beds  of  shale,  together 25 

Flinty  chert  (a  compact  siliceous  rock)       .         .         ,  16 

A  bed  of  shale .  1 

Crow  chert     (Crow  is  a  local  term) ....  6 

Shales 9 

Second  crow  chert  .                 12 

Crow  limestones  (probably  in  several  beds)         .         .  12 

Sandstone  or  gritstone     ......  6 

Coal 1 

Sandstone  or  gritstone     ......  7 

Shales 8 

Gritstone  in  several  beds 88 

Girdles  (a  kind  of  sandstone) 10 

Shales 18 


368 


These  beds  are  grouped  together,  with  some  others,  under  the 
name  of  the  ''Millstone  grit  series,"  by  Professor  Phillips,  it  being 
often  necessary  to  supply  some  one  designation  to  a  complicated  series 
consisting  of  ^  kinds  of  rock. 

In  sinking  coal  pits,  many  alternations  of  arenaceous  and  argil- 
laceous rocks,  the  latter  often  containing  ironstones,  with  different 
varieties  of  coal,  are  almost  invariably  met  with.  The  following  is  an 
example  derived  from  the  Bristol  coal-fields  (Mem.  Geol.  Survey^  voL  i., 
p.  210). 

No. 

23.  Ai^gillaceous  shales 

22.  Sandstone 

21.  Coal 

20.  Underclay 

19.  Ai^gillaceous  shales 

18.  Coal  and  shale  . 

17.  Coal 

16.  Underclay 

15.  Argillaceous  shale 


Feet 

In. 

185 

0 

4 

0 

1 

6 

2 

0 

64 

0 

4 

0 

1 

0 

4 

0 

4 

0 
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Feet 

In. 

2 

0 

23 

0 

9 

0 

3 

6 

0 

6 

2 

0 

7 

0 

1 

0 

2 

0 

6 

0 

4 

0 

2 

4 

2 

0 

3 

0 

No. 

14.  Sandstone 

13.  Aigillaceous  shales 

12.  Coal 

11.  Underclay 

10.  Coal 

9.  Underclay 

8.  Argillaceons  shales 

7.  Sandstone 

6.  Argillaceous  shale 

5.  Sandstone 

4.  Aigillaceous  shale 

3.  Coal 

2.  Underclay 

1.  Sandstone 

The  whole  section  of  which  this  is  a  portion,  enumerates  294 
similar  alternations,  having  a  total  thickness  of  5084  feet,  with  an 
additional  series  below,  1200  feet  thick,  principally  composed  of  hard 
sandstone. 

It  may  be  useful  to  add  another  section  from  a  totally  different 
set  of  rocks,  but  still  exhibiting  the  same  facts  as  to  the  alternation  of 
various  kinds  of  beds.  It  was  taken  at  Catsgrove  Hill,  near  Reading 
(Conybeare  and  Phillips,  p.  43). 

No.  Feet. 

1 2.  Soft  loam  .  .  .  .  .11 

11.  Dark  red  clay,  mottled  with  gray  .  .  4 

10.  Light  ash-coloured  clay,  mixed  with  fine  sand     .  7 

9.  Fine  micaceous  sand,  laminated,  partially  mixed 

with  clay      .....  4 

8.  Fine  ash-coloured  sand  ...  5 

7.  Dark  red  clay,  mottled  with  blue  .  .  6 

6.  Light  gray  clay,  mixed  with  fine  sand    .  .  5 

5.  White  sand       .....  4 

4.  Fuller's  earth    .....  3 

3.  Yellowish  quartzose  sand  ...  6 

2.  Siliceous  sand,  with  rolled  and  angular  chalk  flints  3 

1.  Chalk  to  an  unknown  depth. 

It  is  to  be  specially  noted,  as  regards  the  occurrence  of  coal,  that  it 
almost  invariably  rests  on  a  fine  argillaceous  bed,  often  what  is  called 
"  fireclay.'*  This  fact  is  familiar  even  to  the  miners,  so  that  it  has 
received  the  name  of  "  underclay  "  in  the  South  Welsh  district,  and  in 
others,  as  in  the  South  of  Ireland,  is  called  "  coal  seat^  The  general 
order  of  superposition  (or  of  time  of  formation,  for  these  are  convertible 
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Ft    In. 

2     7 


9.  Soft  brown  earthy  ahAle,! 
with    abundance    of 
fomila     and      man;  > 
irregular    layers    of  | 
black  chert  .  J 


i.  Hard  gray  ebale  nith ) 
encrinites  and  shells  J 


7.  Gray  compact  limeatone 


6.  Do.  with  layer  of  black  1 
chert  nodulea   ,  .  J 

5.  Thin  irregularly  bedded  | 
Jimeatone,  with  shale  > 
at  top      .  .  ) 

4.  Compact  limestone 


1.  Gray  compact  limestone  ) 
fonaing  floor  of  quarry  / 


0     9 
»     6 


1     9 
0     9 


1     0 
30     2 
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terms),  is  1.  Sandstone;  2.  Clay;  3.  Coal;  4.  Clay.  If  we  disregard 
the  minor  alternations,  we  shordd  see  this  rule  carried  out  in  almost 
all  sections  of  Coal-measures,  the  clay  above  the  coal  (the  roof)  being 
generally  thinner  and  stronger  (more  shaly)  than  that  immediately 
below.  In  some  few  instances  the  coal  seat  is  arenaceous,  and  still 
more  frequently  a  sandstone  or  "  rock  "  roof  may  be  found. 

The  section  (fig.  19),  supplied  by  Mr.  G.  V.  Du  Noyer,  represents 
the  top  beds  of  the  Upper  Carboniferous  limestone  of  Ireland,  where 
they  pass  into  the  lower  Coal-measures.  It  was  taken  in  a  quarry 
near  Old  Leighlin,  County  Carlow. 

Tlie  foregoing  sections  will  shew  the  student  the  way  in  which  beds 
of  aqueous  rocks  are  frequently  interstratified  one  with  another,  and 
how  minute  are  sometimes  the  subdivisions  of  the  beds,  and  how  fre- 
quent and  sometimes  rapid  their  changes  when  examined  in  vertical 
succession. 

Included  Oroup  of  Beds  (Inlier), — It  occasionally  happens  that 
one  laige  series  of  beds  having  a  common  character  includes  in  some 
part  of  it  a  small  distinct  set  of  beds  with  a  peculiar  character  of  their 
own.  The  Germans  use  the  word  "  einlager,"  which  means  "  being 
billeted,  quartered,  or  lodged  in  a  place,"  and  may  sometimes  apparently 
be  translated  by  our  woid  "  inmate,"  to  denote  such  a  set  of  included 
beds. 

Our  word  '*  inmate  **  is  only  applicable  to  persons,  and  I  have  not 
been  able  to  think  of  any  other  term  than  **  inlier  "  to  describe  a  set  of 
beds  that  are  included  within  the  general  boundaries  of  another  larger 
set.  We  may  thus  speak  of  the  Bala  and  Himant  Limestones  as  being 
inliers  of  the  Bala  series  ;  of  the  Bradford  Clay  and  the  Fullers*  earth 
as  inliers  of  the  Lower  Oolites.  It  appears  to  me  that  such  a  term  is 
wanted,  and  would  often  conduce  to  a  truer  appreciation  of  the  value  of 
the  different  terms  of  the  geological  series. 

Lateral  Change  in  the  Lithological  Characters  of  Beds, — It  has 
been  already  shewn  that  every  bed  must  necessarily  thin  out  and  termi- 
nate somewhere  on  all  sides,  and  it  has  also  been  shewn  that  beds  lying 
side  by  side  on  the  same  horizon  are  often  different  in  lithological  com- 
position. What  \&  true  of  one  bed  may  be  true  of  sets  of  beds,  so  that, 
while  the  whole  of  a  set  of  one  kind  of  beds  may  in  one  direction  be 
replaced  by  a  set  of  a  similar  kind,  in  another  the  replacing  set  may  be 
of  a  totally  different  kind  of  rock. 

We  might,  for  instance,  in  one  locality,  have  a  series  of  limestones, 
resting  one  upon  the  other,  without  the  intervention  of  any  other  beds. 
As  we  traced  this  group  across  a  country,  we  should  perhaps  find  that 
little  *'  partings"  of  shale  began  to  make  their  appearance  between  some 
of  the  beds  of  limestone,  and  that  as  we  proceeded  these  shales  became 
thicker  and  more  numerous,  while  the  limestones  became  thinner  in 
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proportion.  Some  of  the  limestones  would  perbape  then  altogether 
disappear,  and  the  shales  themselves  would  be  x>&itiall7  replaced  by 
beds  of  sandstone,  until  at  length  we  should  find  our  series  consist 
almost  entirely  of  sandstones  and  shales,  with  only  one  or  two  very 
subordinate  b^  of  limestone,  x)erhaps  to  represent  the  purely  calcareous 
group  with  which  we  commenced.  The  diagram,  fig.  20,  gives  a  rough 
representation  of  this  lateral  change,  but  requires  to  be  drawn  out  to 
twenty  or  thirty  times  its  length  before  it  could  be  taken  as  a  proximate 
delineation  of  tJie  facts  as  they  occur  in  nature. 


Pig.  20. 

In  this  diagnun  the  white  bands  are  meant  for  limestones,  the  black  for  shales,  and  the 
dotted  for  sandstones. 


In  the  same  way,  groups  that  consist  principally  of  sandstone  and 
conglomerate  in  one  district  may  in  another  be  composed  chiefly  of 
limestone  and  shale  or  clay,  with  or  without  any  beds  of  sandstone. 

The  scale  upon  which  these  lateral  changes  of  character  are  carried 
out  is  altogether  indefinite.  We  see  it  sometimes  take  place  with  respect 
to  a  small  group  of  beds  within  the  limits  of  a  single  quarry  ;  in  other 
cases,  a  distance  of  a  few  hundred  yards  or  a  few  miles  is  requisite 
before  the  alteration  is  apparent  Some  groups  of  beds,  iudeed,  preserve 
their  mineral  characters  but  little  altered  over  whole  countries  or  across 
whole  continents.  Still,  judging  from  what  we  know,  we  must  always 
hold  ourselves  prepared  for  change  even  in  the  rocks  that  seem  most 
constant  in  their  characters  ;  and  as  a  matter  of  fact,  we  know  of  no 
one  group  of  aqueous  rocks  that  preserves  the  same  mineral  characters 
in  all  parts  of  the  earth. 

We  have  many  excellent  examples  of  these  lateral  changes  in  groups 
of  strata  within  the  limits  of  the  British  islands.  We  can  perhaps 
hardly  instance  a  more  characteristic  one  than  that  afforded  by  the 
group  of  beds  known  as  the  Lower  Oolites,  which  are  readily  traceable 
in  one  continuous  ridge  from  Somerset,  through  the  centre  of  England 
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to  Uie  Homber,  and  reappear  again  as  high  gronnd  in  the  north  of 
Yorkshire.  These  beds  repose  upon  some  dark  shales  and  clays  known 
as  the  lias,  and  are  covered  by  a  thick  mass  of  clay  called  the  Oxford 
day.  These  two  thick  groups  of  clay  are  equally  traceable  across 
England,  so  that  the  beds  which  lie  between  them  must  almost  neces- 
sarily belong  to  the  same  formation,  or,  as  it  is  sometimes  expressed, 
lie  on  the  same  geological  horizon,  whatever  may  be  their  lithological 
characters,  and  even  if  they  are  not  themselves  traceable  continuously. 
The  Lower  Oolites,  which  thus  lie  between  these  two  great  clay  deposito, 
consist,  in  the  soutii  of  England,  very  laigely  of  oolitic  limestones,  and 
it  was  here  they  received  their  name  of  "  The  Oolite,"  while  in  York- 
shire the  limestones  are  replaced  by  sandstones  and  clays,  with  beds  of 
coal,  and  the  thickness  is  considerably  greater  than  in  the  south.  The 
section  of  the  two  groups  may  be  described  as  follows  : — 


GLOUCSSTBBSHna,  ETC. 


Feet 
16 


Oxford  cUy. 

5. — Combrash 

Clay     ....  11 

Calcareo-Biliceons  sand  10 

4. -{  Forest  marble      .        .  18  ^  91 

Sand    ....  2 

Clay     ....  60 

3.— Great  oolite          .        .  .'  130 
Blue  Clay     .        .        .14 

Fuller's  earth       .        .  8 

2  J  Bastard  Fuller's  earth,)  )- 122 
with  a  band  of  shelly  MOO 
I      sandstone         .        ) 

J  J  Inferior  oolite       .        .  30 ' 

'  1  Calcareous  sand  .        .  50  > 


Total 


y  80 

469 


Lias 


YOBKBHJBB. 


Oxford  clay. 
6. — Combrash 


Feet. 
6 


.    f  Sandstones  and  shales,  with  t   ion 
(     ironstone  and  coal      .      / 

3. — Gristhorpe  oolite  .  .15 

rt   f  Sandstones  and  shales,  with  )    .^^ 
(     ironstone  and  coal       .     J 

(  Yellow  and  gray  micaceous  ) 
l.K      and    ferruginous     sand-  >    70 
(^     stone  ...     J 


Total 


760 


Lias 


The  Gloucestershire  section  is  taken  from  Conybeare  and  Phillips* 
Geology  of  England  and  Wales,  and  that  of  Yorkshire  from  Professor 
Phillips*  Geology  of  Yorkshire,  with  which  has  been  compared  his  paper 
on  the  Oolite  and  Ironstone  series  of  Yorkshire  in  the  Journal  of  the 
Geological  Society  of  London,  vol.  xiv.,  p.  84. 

Still  greater  changes  take  place  in  the  lateral  extension  of  the 
larger  group  of  rocks  known  as  the  Carboniferous  formation,,  when 
traced  from  Devonshire  and  Cornwall  through  the  centre  of  England 
into  Scotland,  as  will  be  seen  farther  on  when  we  come  to  describe 
the  tj-pical  rocks  of  that  formation. 

A  great  change  also  takes  place  in  the  group  of  beds  called  the  Old 
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Bed  Sandatone,  aa  we  trace  them  east  and  west  EierosB  Iieland,  from 
Wexford  and  Waterford  into  the  counties  of  Cork  and  Kerry. 

If  the  diagram,  fig.  20,  be  snppoeed  to  represent  a  series,  not  of 
indindual  beds,  but  a  series  of  formations,  so  that  each  of  the  divisiona 
he  supposed  to  be  many  hundred  fe«t  thick  and  many  miles  in  extent, 
they  will  equally  represent,  in  a  rude  manner,  the  way  in  which  the 
stratified  cnut  of  the  earth  is  made  up.  No  single  bed,  no  group  of 
beds,  no  series  of  beds,  no  formation,  is  of  unlimited  extent.  They  &11 
come  to  an  end  somewhere  ;  having,  at  th^  first  formation,  by  the 
rery  conditions  of  their  production,  gradnally  diminished  and  died  away 
in  eveiy  direction  &om  some  local  centre  or  centres  of  depoaitioit. 

Nomenclature  of  Group*  of  BteU. — It  may  be  aaked  here  if  the 
lithological  charactetB  of  groups  of  beds  be  so  variable,  how  ia  it  that 
geoli^psts  identify  rocks  by  the  same  designation  all  oyer  the  globe  T 
How  is  it  that  we  speak  of  Silurian,  or  Cretaceous,  or  Tertiary  rocks  in 
Australia,  in  Africa,  in  Asia,  and  in  America,  as  well  aa  in  Europe  ? 
The  answer  is,  that  geological  tenna,  when  applied  to  rocks  in  this 
sense,  have  a  purely  chronological  significatian  ;  they  refer  to  periods 
of  time ;  they  mean  that  the  rocks  called  Silurian,  for  instance,  in 
Australia  were  formed  St  the  same  time,  or  during  the  same  great 
period  of  the  world's  history,  as  those  which  are  called  Silurian  in 
Siluria.  How  this  is  proved  will  be  shewn  further  on  ;  but  it  is  neces- 
sary here  to  warn  the  student  of  this  meaning,  in  order  that  he  may 
not  form  erroneous  notions. 

Just  as  we  may  soppose  earthy  depositions  to  be  now  taking  place 
in  Bass'  Straits,  for  instance,  as  weU.  as  in  the  English  Channel,  so  we 
know  that  mineral  mattet  was  deposited  contemporaneously  here  and 
there  upon  the  earth  at  all  periods  of  its  history  since  land  and  water 
came  into  existence  upon  it  If  by  any  process  of  reasoning  or  investi- 
gation we  can  .find  out  those  rocks  which  were  simnltaneonsly  formed, 
or  nearly  so,  it  is  obviously  advantageous  to  designate  them  by  a  common 
name,  simply  to  point  out  the  &ct  of  this  similarity  in  age,  without 
inferring  that  they  were  ever  parts  of  a  continnoua  mass,  or  were 
formed  of  the  same  materials,  or  were  produced  exactly  in  the  same 
way,  or  under  precisely  similar  conditions. 

Now,  whatever  may  be  the  origin  of  the  name  we  adopt,  whether  it 
be  that  of  their  lithological  character  at  the  locality  where  they  were 
first  described,  or  whe^er  it  be  derived  from  some  mineral  substance 
contained  in  them,  or  from  the  place  where  they  are  best  seen,  or  any 
other  sonrce,  we  must  be  careful  to  recollect  that  the  name  will  in 
many  cases  be  a  mere  name  and  not  a  description,  since  its  original 
meaning'  can  never  be  universally  applicable.  Just  as  we  find  Mr. 
White  and  Mr.  Black,  Mr.  Long  imd  Hz.  Short,  with  persons  the  very 
reverse,  perhaps,  of  what  their  names  would  imply,   so  we  may  in 
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geology  have  the  name  of  ^red**  or  ''green  sandstone**  affixed  to  rocks 
which  in  some  places  are  neither  red  nor  green,  nor  even  sandstone,  so 
we  may  have  ''  coal-measures "  which  in  some  places  contain  no  coal, 
and  **  chalk"  or  **  cretaceous"  rocks  which,  in  some  parts  of  the  world, 
consist  of  black  marble,  of  brown  sandstones,  or  of  dark  clay-slate. 

Lateral  and  Vertical  Change$  in  Groups  of  Beds,  the  natural 
remit  of  their  Mode  of  Formation. — ^The  apparent  contradiction  that 
aziaes  between  the  signification  of  the  name  of  a  group  of  beds  and 
their  lithological  character  is  often  a  difficulty  in  the  way  of  a  beginner ; 
bat  when  he  comes  to  reason  on  the  modes  of  formation  of  stratified 
locks,  he  finds  it  much  easier  to  explain  their  variable  character  by 
reference  to  the  present  course  of  nature,  than  he  would  to  account  for 
their  invariability  if  each  formation  retained  everywhere  the  same 
lithological  character.  It  is  easy  to  understand  both  the  fact  of  a  for^ 
mation  retaining  a  similar  lithological  character  over  one  very  huge 
area,  and  that  of  its  frequently  and  rapidly  changing  that  character 
over  another  area,  by  referring  to  what  we  know  to  be  taking  place  on 
the  earth  at  the  present  day. 

If  we  compare  the  bottom  as  indicated  in  the  charts  of  the  British 
islands  and  the  west  coast  of  Europe,  or  those  of  Newfoundland  and 
the  east  coast  of  America,  with  the  bottom  of  the  central  portion  of  the 
Atlantic,  as  shewn  by  the  soundings  taken  for  the  Atlantic  telegraph 
(see  ante,  p.  128),  we  shall  find  one  widely-spread  uniform  deposit  of 
sticky  oaze,  like  chalk,  taking  place  in  the  ocean,  with  little  or  no 
change,  over  spaces  more  than  1000  miles  across,  while  the  change 
from  this  to  the  sands  and  muds  as  we  approach  the  coasts  is  sudden, 
and  the  changes  in  the  nature  of  the  shore  deposits  are  both  frequent 
and  rapid.  Yet  all  these  deposits  are  taking  place  contemporaneously, 
and  would,  if  the  bed  of  the  Atlantic  were  elevated  into  dry  land,  be 
almost  necessarily  grouped  together  under  one  name. 

In  the  great  Pacific  Ocean,  we  may  be  sure  that  deposits  are  taking 
place,  derived  from  the  waste  of  the  vast  number  of  coral  reefs,  having 
a  constant  character  over  an  area  quite  as  wide  as  any  of  the  formations 
we  are  acquainted  with  on  dry  laud.  This  great  formation  may  not  be 
absolutely  continuous  even  over  all  that  part  of  the  ocean  in  which  the 
coral  reefs  occur  ;  but  beds  of  precisely  identical  mineral  character,  and 
containing  almost  exactly  the  same  organic  remains,  will  be  spread  over 
large  areas  round  several  central  points,  where  they  will  probably  be 
thickest,  and  from  which  they  will  thin  out  in  every  direction.  Some 
of  these  areas  of  deposition  of  limestone  may  perhaps  overlap  each  other, 
while  others  will  be  separated  by  clear  spaces  of  sea  bottom,  where 
probably  no  deposition  is  taking  place,  or  by  other  sea  bottoms,  where 
sediment  is  deposited  of  altogether  a  different  character  from  that  derived 
from  the  coral  reefs.     All  the  great  rivers  of  Eastern  Asia,  for  instance. 
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Bttch  as  the  Hoang-ho  and  Yang-tse-ki-aBg,  which  pour  their  turbid 
waters  primarily  into  the  Yellow  Sea,  and  the  great  river  Amour,  which 
fedls  into  the  sea  of  Okotsk,  as  well  as  those  of  Califomia  and  the  north- 
west coast  of  America,  cany  down  earthy  materials  into  the  Pacific  of  a 
totally  different  character  horn  the  coral-reef  detritus  ;  and  some  of  this 
may  be  very  widely  spread,  and  form  large  deposits  on  both  sides  of 
the  Pacific  K  we  could  suppose  fine  sediment  derived  from  two  such 
different  sources  to  be  so  fSsur  diffused  through  the  water  as  to  overlap, 
now  one  sort  thrown  down,  and  now  another,  with  an  occasional  admix- 
ture of  both,  we  should  have  exactly  the  conditions  necessaiy  for  such 
contemporaneous  formations  of  one  kind  of  rock  in  one  locality,  and 
another  kind  in  another  district,  with  intermediate  areas  affording 
alternations  of  the  two,  as  we  find  in  the  great  formations  composing 
the  exi  sting  lands  of  the  globe. 

If  we  pass  from  the  great  Pacific  into  the  China  Sea  and  the  northern 
part  of  the  Indian  Ocean,  where  coral  islands  are  mingled  among  active 
volcanoes,  both  aerial  and  submarine,  and  into  which  open  the  mouths 
of  vast  rivers,  draining  a  great  continent,  we  know  of  no  variety  of  rock 
and  no  combination  of  mineral  matter  that  has  ever  been  observed  upon 
earth  that  we  should  not  feel  warranted  in  believing  to  be  possibly  in 
course  of  production  within  the  area.  All  these  different  kinds  of  rock 
would  be  of  contemporaneous  formation,  although  of  different  mineral 
character,  and  they  would  enclose  the  remains  of  many  animals  and 
plants  of  the  same  species  throughout,  or  of  species  so  nearly  allied  as 
to  shew  that  their  variations  depended  chiefly  on  the  geographical 
distribution  of  organic  beings  inhabiting  different  parts  of  the  globe  at 
the  same  time.  If  elevated  into  dry  land,  then,  they  would,  by  the 
rule  now  followed  by  geologists,  be  grouped  together  as  one  ^  forma- 
tion" under  some  one  common  designation. 


CHAPTEE  X. 

jomrs. 

Formation  of  Rock-blocks, 

We  could  not  long  stndj  the  lamination  and  stratification  of  aqueous 
locks,  and  observe  their  separation  by  those  planes  of  division,  which 
are  obviously  the  result  of  distinctness  and  succession  in  the  acts  of 
deposition,  without  being  struck  by  the  occurrence  of  other  planes  of 
division,  which  cut  the  first  at  various  angles,  and  assist  them  in  divid- 
ing the  rocks  into  regular  or  irregular  blocks. 

We  should,  indeed,  very  soon  perceive  that  all  rocks,  stratified  or 
unstratified,  igneous,  aqueous,  and  metamorphic,  are  traversed  by 
numerous  planes  of  division  of  this  kind.  They  may  be  seen  in  any 
quarry,  or  in  any  natural  or  artificial  excavation  in  any  solid  rock, 
traversing  the  rock  in  various  directions,  and  separating  it  into  blocks 
of  correspondingly  various  shapes  and  sizes. 

These  divisional  planes  are  called  JOHTTB. 

Without  natural  joints  the  quarrying  of  stratified  rocks  would  be 
very  difficult,  and  that  of  unstratified  rocks  almost  impossible.  If  beds 
of  sandstone  or  limestone  were  undivided  by  natural  joints,  each  block 
would  have  to  be  cut  or  split  by  artificial  means  on  every  side  from  the 
rest  of  the  bed  ;  but  in  rocks,  such  as  granite  or  greenstone,  which 
have  no  beds,  the  blocks  would  not  only  have  to  be  cut  away  on  each 
side,  but  underneath  also.  It  would  obviously  be  a  most  impracticable 
task  to  dig  out  a  large  block  of  granite  from  the  midst  of  a  solid  mass 
untraversed  by  any  natural  planes  of  division  of  any  kind. 

Cuboidal  or  Quadrangular  Joints, — ^For  the  production  of  natural 
blocks  of  rock  Uiere  must  clearly  be,  at  least,  two  sets  of  joints  in 
stratified,  and  three  sets  in  unstratified  rocks,  each  set  more  or  less 
nearly  at  right  angles  to  each  other.     (See  figs.  21  and  22). 

If  we  compare  a  set  of  stratified  rocks  to  a  pile  of  slices  of  bread, 
it  is  dear  that  to  divide  these  into  lumps,  we  must  cut  them  in  two 
ways,  lengthwise  and  across.  The  unstratified  rocks,  however,  would 
resemble  the  whole  loaf,  which  we  must  cut  at  least  in  three  directions 
in  order  to  divide  it  into  lumps,  first  horizontally  into  slices,  and  then 
lengthwise  and  across. 
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In  addition  to  these  fewest  possible  sets  of  joints  in  the  two  kinds 
of  lock,  there  are  in  reality  others  in  Torioua  uid  irregular  directions  ; 
but  inasmuch  as  three  pluiea  of  Beparetion  more  or  less  nearly  at  right 
angles  to  each  other  are  the  essential  conditions  for  the  sepatation  of 
rock  into  blocks,  and  as  three  equidistant  planea  at  right  angles  to  each 
other  would  form  cubes,  we  may  speak  of  joints  thus  forming  quad- 
rangular blocks  as  cuboidal  or  qaadranyular  joints,  to  distinguiish  them 
from  those  which  produce  prisms,  and  we  may  look  upon  three-cornered 
and  irregular  blocks  aa  merely  portions  of  cuboidal  ones. 

Figure  21  ia  a  sketch  taken  by  Mr.  G.  V.  Du  Noyet,  in  a  limestone 
quarry  near  Mallow  ;  in  which  the  parallel  lines,  neariy  horizontal  but 
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incUning  gently  from  the  spectator,  are  the  planea  of  stratification, 
while  the  smooth  nearly  vertical  surfaces,  which  form  the  face  or  wall 
of  the  quany  and  bound  the  projecting  comers  of  rock,  are  the  joint 
planes.  One  set  of  these  joints  nma  lengthwise  through  the  quarry, 
and  makes  the  successive  surfaces  on  which  the  light  falls  ;  the  other  set 
forma  the  dark  surfaces  which  are  at  r^ht  angles  to  the  light  ones, 
and  other  joints  belonging  to  this  set  ace  shewn  by  the  nearly  vertical 
lines  which  are  seen  upon  those  tight  surfaces,  Uioae  lines  being  the 
edges  of  joint  planes. 

Figure  2S  is  fiom  a  sketch  taken  by  Mr.  Du  Noyer,  in  the  large 
gramte  quarries  from  which  the  stone  to  form  Kingston  harbour  was 
exbscted.  It  will  be  at  once  apparent  that  this  rock  exhibits  no 
r^jular  beds.  One  set  of  parallel  planes  of  division,  highly  inclined  to 
the  right,  seems  to  prevail  in  one  part  of  it,  and  another  set,  highly 
inclined  to  the  left,  in  another  port  These  might  at  first,  perhaps,  be 
in  each  case  taken  for  planea  of  stratiacation,  and  the  pieces  of  rock 
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between  them  be  conddeied  to  be  beds.  They  are,  howevw,  merely 
two  Beta  of  jointB,  and  they  are  crossed  by  a  third  set  producing  the 
■haded  focee  of  rock  which  front  the  spectator.     In  walking  about  the 
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quairy  each  of  these  three  sets  of  joints  becomes  most  conspicuouK, 
according  to  the  point  of  view  which  may  be  taken  ;  while  they  are 
BometimeB  all  masked  or  obscured  by  a  number  of  other  irregular 
jointa  wbicb  cut  tbe  mass  in  many  other  directions. 

Matter  Joints. — -There  is,  indeed,  in  all  rocks,  whether  aqneoua 
or  igneoQB,  a  distinction  to  be  drawn  between  the  "  master  jointa  "  oir 
those  large  planea  of  division  wbicb  run  regularly  parallel  to  each 
other  over  large  distances,  and  tbe  numerous  smaller  joints  which  often 
traverse  the  rock  in  all  directions,  and  Bometimes  separate  it  into  inde- 
finitely amall  angular  fragments.  This  distinction  is,  however,  one 
which  it  is  often  difficult  to  point  out,  since  there  are  many  joints  uf 
intermediate  character. 

Sometimes,  indeed,  in  aq^ueous  rocks  tbe  joints  arc  so  numeitius,  and 
cut  tbe  rocks  in  so  many  directions,  that  the  original  planes  of  strati- 
fication are  altogether  obscured  by  them,  and  it  is  impossible  to  say, 
among  tbe  numerous  planes  of  division,  which  are  those  of  tbe  original 
separation  between  tbe  beds,  and  which  are  those  of  subsequent  origin. 

There  are  cases,  on  the  other  bond,  of  joints  a  few  feet  apart  cutting 
in  parallel  lines  through  whole  mountain  masses,  the  space  between 
two  nearly  adjacent  joints  being  eroded  into  a  deep  fissure,  ho  as  to 
produce  a  more  marked  feature  in  ttie  hills  than  their  planes  of  strati- 
fication. Such  remarkable  joints  are  very  strikingly  eihibilod  in  ihe 
mountain  ground  between  Bantry  and  Kenmare  bays,  in  the  south-west 
of  Ireland. 

K  2 
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There  must  in  some  cases  either  be  great  width  between  the  planes 
of  one  paiticular  set  of  joints,  or  one  set  must  be  more  or  less  com- 
pletely absent,  so  that,  in  one  direction,  the  rock  is  unbroken  for  con- 
siderable distances.  This  must  be  the  case  with  the  rocks  from  which 
the  great  monolithic  pillars  were  extracted  in  the  old  Egyptian  and 
other  quarries. 

I  have  myself  observed  on  the  shores  of  Newfoundland  large  ex- 
posures of  granite,  in  which  only  one  set  of  perpendicular  joints  was 
apparent,  and  those  having  a  width  of  several  yards  between  them,  and 
running  parallel  for  considerable  distances.  It  appeared  as  if  thick 
monoliths  of  almost  any  length  might  have  been  procured  there. 

While  the  surfaces  of  a  block  formed  by  the  joints  always  approxi- 
mate to  planes  when  viewed  on  the  large  scale,  they  are  nevertheless 
sometimes  very  uneven,  and  sometimes  even  curved.  I  have  observed 
in  a  limestone  quarry  near  Fo3mes,  a  master  joint  that  formed  a  surface 
as  much  curved  as  the  side  of  a  ship,  only  waving  backwards  and  for- 
wards in  length,  so  as  to  curve  now  on  the  one  side  and  now  on  the 
other  of  the  perpendicular. 

Open  or  close  JoitUs, — Joints  are  generally  dose,  regular,  and 
symmetrical,  in  proportion  to  the  fineness  of  the  grain  and  the  com- 
pactness of  the  rock,  being  most  irregular  and  uneven  in  coarse  sandstones 
and  conglomerates.  The  power  of  the  force  which  produces  them  is, 
however,  well  shewn  in  hard  and  well  consolidated  conglomerates, 
since  the  hardest  pebbles  of  pure  white  quartz  are  often  cut  as  clean 
through  by  the  joints  as  the  compacted  sand  in  which  they  lie.  In 
sandstones,  joints  are  frequently  open  ;  in  shales,  they  are  closer,  but 
more  smooth  and  regular,  being  frequently  perfect  planes,  with  the 
sides  of  the  blocks  fitting  close  together.  In  limestones,  there  are  both 
dose  and  open  joints ;  but  the  open  joints  have  frequently  been 
widened  by  the  action  of  water  percolating  through  them,  and  dissolving 
a  portion  of  the  rock.  Great  fissures  are  sometimes  formed  in  this  way  ; 
and  this  has  doubtless  been  the  origin  of  many  of  the  caverns  which  occur 
80  abundantly  in  limestone  rocks.  In  highly  argillaceous  limestones, 
however,  the  joints  are  often  beautifully  smooth,  regular,  and  close. 

Successive  formation  of  Joints, — In  stratified  rocks,  it  often  seems 
as  if  each  bed  had  a  system  of  joints  formed  before  the  other  vras 
deposited  upon  it,  inasmuch  as  the  joints  formed  in  one  do  not  penetrate 
the  other.  There  are,  however,  always  other  joints  common  to  a  whole 
set  of  beds,  and  produced  apparently  in  the  whole  simultaneously.  It 
is  not  uncommon  for  joints,  in  passing  from  one  bed  to  another,  to 
shift  a  little,  or  slightly  change  their  angle.  In  such  cases  it  may  be 
doubtful  whether  a  joint  previously  formed  in  the  one  bed  may  not 
have  given  rise  to  the  formation,  or  at  least  have  modified  the  position, 
of  the  other,  in  the  bed  above. 
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JoinU  in  Burrtn^  County  Clare, — ^No  country  in  the  world,  perhaps, 
affords  equal  £Eicilities  for  studying  cuboidal  joints  with  the  barony  of 
Bnrren,  in  the  northern  part  of  the  county  of  Clare.  Hills  of  lime- 
stone rise  more  than  1000  feet  above  the  sea,  with  the  beds  almost 
horizontal,  the  summits  of  the  hills  and  the  terraces  that  sweep  round 
their  sides  shewing  broad  floors  of  bare  rock  over  the  whole  country. 
The  joints,  which  are  very  nimierous  and  very  regular,  have  been 
widened  by  the  rain,  so  as  to  form  superficid  crevices,  sometimes 
several  inches  in  width  and  several  feet  in  depth.  The  floors  of  lime- 
stone are  cut  by  them  into  a  nimiber  of  separate  blocks  of  quadrangular 
and  triangular  forms.  Mr.  Foot,  of  the  Qeological  Survey,  with  whom 
I  lately  visited  the  district,  pointed  out  to  me  that  there  were  three 
distinct  sets  of  joints  besides  other  irregular  ones.  By  fax  the  most 
r^ular,  persistent,  and  frequently  occurring  of  these  were  planes 
running  about  N.  6°  or  10°  K  These  were  crossed  by  joints  running 
about  N.  30°  or  36°  R,  producing  very  curious  sharply-angular  vertical 
wedges  of  limestone  between  the  two.  Nearly  at  right  angles  to  the 
plane  which  would  bisect  the  angle  between  these  two,  that  is,  about  £ 
20®  or  25°  N.,  was  another  very  frequently  occurring  set  of  joints,  but 
these  were  much  more  interrupted  and  discontinuous  than  those  of 
the  first-mentioned  sets.  Many  others  cut  obliquely  across  all,  very 
irregularly  and  imcertainly. 

I  observed,  with  respect  to  the  first-mentioned  set,  that  sometimes 
the  neighbourhood  of  one  joint  plane,  or  the  space  between  two  if  they 
happened  to  be  within  a  yard  or  so  of  each  other,  exhibited  a  number 
of  closely  adjacent  minor  parallel  joints  not  more  than  an  inch  or  so 
apart,  splitting  the  beds  across  into  vertical  slabs.  It  is  probably  to 
the  production  of  these  minor  joints,  which  almost  approximate  to 
"  cleavage  "  in  their  mode  of  occurrence,  that  the  long  parallel  crevices 
are  due  which  were  mentioned  just  now,  ag  remarkable  about  Bantry 
Bay  and  other  places,  the  slabs  having  been  weathered  out. 

In  one  place,  a  few  miles  south-east  of  Ballyvaghan,  the  gently  imdula- 
ting  surface  of  a  bed  was  exposed  over  an  area  half  a  mile  wide,  which  was 
traversed  by  long  regular  vertical  joints  running  at  various  angles  from  N. 
4°  W.  to  N.  7*=^  E.,  cutting  each  other  at  angles  sometimes  of  not  more 
than  3°,  and  running  in  straight  lines  for  several  hundred  yards. 

These  joints  were  crossed  by  others  running  nearly  east  and  west, 
not  in  straight,  but  in  regularly  gently-curved  serpentine  lines.  The 
straight  north  and  south  joints  sometimes  stopped  suddenly  at  one  of 
thej$e  cross  joints,  and  then  set  on  again  after  an  interval  of  a  few 
yards  in  the  same  line.  The  union  of  8(iuare,  sharply  trian^ilar,  and 
curved-sided  blocks,  with  deep  fissures  between  them,  the  surfaces  and 
edges  of  the  blocks  being  curiously  rounded  and  channelled  by  the  rain 
into  ornamental  fret  work,  as  if  the  white  limestone  were  ice  rapidly 
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melting,  produced  a  most  dngrdar  scene,  to  which  heauty  was  added  by 
the  magnificent  ferns  and  other  pLmts  growing  in  the  crevices  of  the 
joints,  which  seemed  to  act  as  natural  conservatories  to  protect  the 
vegetation  from  rough  weather. 

FacCy  Slynty  or  Cleat  in  Coal, — ^Beds  of  coal  exhibit  not  only 
large  distant  joints,  like  all  other  rocks,  but  a  more  minute  structure 
dividing  the  mass  of  the  coal  into  small  cuboidal  lumps.  This  structure 
may  be  observed  in  any  lump  of  coal  taken  &om  the  coal  hod. 

The  coal  spUts  most  easily  and  readily  along  the  lines  of  lamination 
or  stratification,  or  ^'  with  the  grain,"  as  it  would  be  commonly  expressed. 
The  surfaces  thus  exposed  on  the  tops  and  bottoms  of  the  lumps  are 
generally  dull  and  earthy,  and  readily  soil  the  fingers.  At  right  angles 
to  these  surfaces  others  may  be  observed  which  are  generally  bright 
and  shining,  and  if  the  coal  be  freshly  broken,  these  surfaces  soil  the 
fingers  much  less  than  those  on  the  top  and  bottom  of  the  lump.  The 
bright  surfaces  which  cut  vertically  across  the  grain  or  bedding  of  the 
coal  are  generally  at  right  angles  to  each  other,  so  as  to  make  a  number 
of  square  comers,  and  one  set  of  them  is  usually  more  i-egular  and  {>er- 
sistent  than  the  other,  making  laige  smooth  sides  to  the  limip,  while  the 
other  sides  are  more  jagged  and  rough. 

If  the  student  will  place  a  good  sized  clean  lump  of  coal  on  the 
table  before  him,  with  the  lamination  horizontal  or  slightly  inclined,  he 
will  have  its  whole  structure  clearly  exhibited,  and  an  excellent  model 
before  him  for  the  exhibition  of  stratification  and  joints. 

He  will  see  that  there  is  one  set  of  smooth  vertical  surfaces  along 
which  there  occur  the  cleanest,  largest,  and  most  even  sides  to  the 
block,  the  vertical  surfaces  at  right  angles  to  that  set  being  shorter, 
rougher,  and  more  irregular.  The  first  large  smooth  vertical  surfaces 
are  known  by  the  name  of  "  the  face,"  "  the  slyne,"  or  "  the  cleat " 
of  the  coal  in  different  districts — ^the  more  interrupted  set  being  spoken 
of  sometimes  as  "  the  end  "  of  the  coal. 

The  "  face  "  of  the  coal  is  the  most  necessaiy  thing  to  attend  to  in 
laying  out  the  working  galleries  or  gate-roads  of  a  coal-mine,  since  it 
retains  its  parallelism  over  very  large  *  areas,  and  the  main  galleries 
must  necessarily  be  driven  along  it,  while  the  cross  galleries  run  along 
the  <'  end "  of  the  coaL  To  attempt  to  cut  galleries  across  that  direc- 
tion in  which  the  coal  will  naturally  split  into  blocks,  would  obviously 
be  a  much  more  difiicult  and  expensive  task  than  to  take  advantage  of 
this  structure. 

•  In  inquiring  of  a  collier  In  the  Nottinghaxnahire  coal-field,  in  the  year  18S8,  as  to  the 
direction  of  "  the  slyne  -  (as  the  face  is  there  caUed),  I  was  informed  that  it  "  faced  two 
o'clock  sun,  like  as  it  does  all  over  the  world,  as  ever  I  heered  on,"  by  which  I  understood 
that  the  sun  would  shine  directly  upon  it  at  two  o'clock  in  the  afternoon  in  an  open  worit 
or  that  the  planes  ran  about  W.N.W.  and  RaB.,  and  were  persistent  in  their  direction  in 
all  my  informant's  district  at  all  events. 
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Sometimes  the  ^  face"  of  the  coal  suddenly  changes  its  direction,  and 
I  have  been  assured  by  Mr.  Peace  jun.  of  Wigan,  that  this  is  especially  the 
case  on  opposite  sides  of  a  large  fault.  In  some  cases  this  occurs  even 
in  the  same  coUieiy,  as  at  the  Haigh  Colliery,  near  Wigan,  in  which  the 
face  of  the  coal  at  one  part  runs  in  a  direction  20^  or  30^  different  from 
that  in  another,  involving  a  similar  obliquity  in  the  '*  gate  roads." ''^ 

Professor  Phillips,  in  his  Report  on  Cleavage,  presented  to  the  British 
Association  for  1866  (p.  395),  says  that  in  the  whole  of  the  north  of 
England  coal-fields  the  strike  of  the  cleat,  or  face,  is  about  north-west 
and  south-east,  whatever  may  be  the  strike  or  dip  of  the  beds. 

I  believe  it  to  be  a  true  "joint"  structure,  carried  out  more  com- 
pletely and  minutely  through  the  mass  of  the  coal  than  through  most 
other  rocks,  as  we  might  expect  in  one  of  such  a  fine  grain,  light  specific 
gravity,  and  homogeneous  substance  as  coal,  and  one  that  has  been 
subject  to  so  much  contraction  as  it  passed  from  a  mere  mass  of  vegetable 
matter  into  the  consistence  of  a  rock.  It  is  seen  sometimes,  however, 
in  day-slate,  though  not  so  minutely  or  perfectly  carried  out  as  in  coaL 

Art  of  Quarrying, — Just  as  this  jointed  structure  in  coal  must  be 
attended  to  in  the  process  of  cutting  and  extracting  the  coal,  so  the  larger 
joints  must  be  followed  in  quarrying  stone.  The  shape  of  a  quarry  will 
depend  altogether  on  the  direction  of  the  master  joints  which  traverse  the 
stone.  One  set  of  these  joints  will  form  what  is  called  the  "  face"  or 
"  back"  of  the  quarry,  or  the  boundary  waU  towards  which  the  men  are  at 
any  time  working,  while  the  other  set  of  joints  at  right  angles  to  these 
are  those  along  which  they  work,  and  these  are  called  the  "  ends,"  or 
sometimes  the  "cutters"  of  the  stone.  The  terms  seem  often  to  be 
used  rather  vaguely  by  quarrj-men,  just  as  they  use  the  term  "  bed"  or 
"  floor"  to  signify  sometimes  a  true  bed  surface,  sometimes  merely  a 
surface  formed  by  a  horizontal  joint.  Whatever  may  be  the  terms  used, 
however,  it  is  clear  that  the  whole  art  of  quarrying  consists  in  taking 
advantage  of  the  natural  division  of  rock  by  joints  and  planes  of  lamina- 
tion and  stratification,  where  the  latter  exist.  There  is  no  quarry,  or 
road-cutting,  or  excavation  whatever,  in  which  these  natural  separations 
of  the  rock  into  blocks  are  not  used  either  consciously  or  unconsciously. 

Prismatic  JoiiUs, — The  joints  hitherto  spoken  of  produce  blocks 
which  are  more  or  less  cuboidal  in  shape.  In  some  rocks,  however, 
the  jointed  structure  has  a  tendency  to  produce  long  polygonal 
prisms,  often  resembling  dry  starch  in  their  irregular  and  wrinkled 
sides.  This  prismatic  jointing  is  most  frequently  exhibited  in  igneous 
rocks,  such  as  the  Doleritic  lavas  and  the  Traps,  being  especially 
characteristic  of  Basalt,  but  occurring  sometimes  almost  as  i)erfectly  in 

•  In  the  Wigan  district  the  "gate  roads"  are  called  "  brows,"  and  are  spoken  of  as  "  up- 
brows"  and  *'  downbrows,"  according  aa  they  rise  or  decline  from  the  "  levels."  Tlie  shorter 
paasages  which  connect  these  *'  brows"  are  called  "  drifts." 
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Oreenstone  and  Feletone.  Then  is  even  sometimes  an  appTOximation 
to  it  in  Qiauite,  for  the  possibility  of  procunng  long  monoliths  is  the 
result  of  a  more  oc  lees  prismatic  airaogement  im  the  joints. 

It  is  also  observable  in  sandstones  and  claTS  that  hare  been  acted 
on  hy  great  heat,  eitlier  natuiallj  or  artifidallj. 

It  way  be  seen  on  the  small  scale  prodnced  in  the  inside  of  iron- 
stone balls  and  eeptarian  concretions,  and  is  occaaionally,  though  rarely, 
obserrable  in  purely  aqueoua  rocka, 

I  observed,  in  t^e  year  ISfifi,  a  very  perfect  example  of  thu  pris- 
matic jointing  in  the  gypsum  qnames  of  Chaumout,  near  Montmartre, 

Two  beds,  each  six  or  eight  feet  thick,  of  crystalline  granular  gyp- 
r  there,  interstratified  with  the  6eshwal«r  marls  and  lime- 
stones, and  each  of  these 
was  affected  by  a  prismatic 
jointing,  while  in  the  soft 
beds  in  which  they  lay, 
few  or  no  joints  were  ob- 
servable. 

The  prisms  were  pretty 
regularly  triangular  and 
hex^^nial,  as  in  Fig.  23. 
lie  prisma  seemed  to 
have  beien  produced  by 
the  intersection  of  three 
sets  of  vertical  equidistant 
planes  crossing  each  other 
at  angles  of  60°.  If  three 
such  sets  of  planes  inter- 
sect each  other  in  the 
same  points,  triangular 
figores  only  could  be  pro- 
duced ;  but  if  the  planes 
be  so  arranged  as  that  no 
more  than  two  should  ever 
intersect  at  the  same 
point,  and  that  each  point  of  intersection  be  exactly  equidistant  from 
the  planes  of  the  third  set,  the  result  will  be  the  production  of  a  series 
of  regular  hexagons  and  triangles,  as  shewn  in  the  figure. 

Columnar  basalt  is  a  familiar  example  of  this  prismatic  jointing. 
Basalt  OCCUR  sometimes  in  thick  horizontal  beds,  the  columns  in  that 
case  being  vertical,  sometimes  in  highly  inclined  or  vertical  dykes,  in 
which  case  the  columns  are  nearly  or  quite  horizontal.  In  each  case 
the  columns  are  at  right  angles  to  the  snr&cea  of  the  mass,  where  the 
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cooling  and  coaseqaent  conHolidation  would  necessaiily  a 
appear  to  have  struck  thence  into  tbe  interior. 

It  is  often  observable  that  in  djrkea  tbe  columns  are  separated  in 
the  middle,  and  do  not  fit  each  other,  as  if  each  set  bad  originated  at 
the  aide  of  the  dyke,  and  struck  townrds  tbe  centre,  where  they  met, 
but  did  not  coalesce,  as  in  fig.  24. 

In  some  caeee,  the 
colmnns  are  more  or  leas 
nnbroken  for  many  feet, 
a  few  cross  joints  only 
occnning  at  irr^nlar 
intervals.  This  is  espe- 
cially the  case  in  pris- 
matic  f  el  stones. 

Articulated  CU-umn$ 
in  Bamlt,  and  other 
Igneout  Boeki. — In  other 
cases,  however,  especially 
in  the  most  perfectly 
columnar  basalts,  the 
columns  are  articulated, 
each  prism  being  sepa- 
rated into  vertebrse,  with 
a  cup  and  ball  socket 
occasionally  developed  on 
their  upper  or  lower  sur- 
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The  origin  of  this  articulated  cup  and  ball  structure  ia  explained 
by  the  observations  of  Mr.  Gregory  Watt  If  a  mass  of  basalt  be  melted 
in  a  furnace,  and  allowed  to  cool  again,  the  following  results  may  be 
observed.  If  a  small  part  be  removed  and  allowed  to  cool  quickly,  a 
kind  of  slag-like  gloss  is  obtained,  not  differing  in  appearance  from 
obsidian.  If  it  cool  in  larger  moss  and  more  slowly,  it  returns  to  its 
original  stony  state.  Duiing  this  process  small  globules  make  their  ap- 
pearance, which,  very  small  at  first,  increase  by  the  successive  formation 
of  external  concentric  coats,  like  those  of  an  onion,  and  the  simul- 
taneous obliteration  of  the  previously  formed  internal  coats,  so  that 
nltimately  a  number  of  solid  balls  ore  formed,  each  enveloped  in  several 
concentric  coats.  As  these  balls  increase  in  size,  their  external  coats  at 
length  touch,  and  then  mutually  compress  each  other.  Now,  in  a  layer 
of  eijiial  sized  balls,  each  ball  is  touched  by  exactly  six  others  (see  fig. 
25),  and  if  these  be  then  squeezed  tt^ether  by  an  equal  force  acting  in 
every  direction,  every  ball  will  be  squeezed  into  a  regular  hexagon. 
But  the  some  result  will  follow  from  an  equal  expansive  force  acting 
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from  the  centre  of  each  ball,  or  from  the  tendency  to  indefinite  enlarge- 
ment in  their  concentric  coats.  Each  spheroidal  mass,  therefore,  will 
be  converted  into  a  short  hexagonal  pillar.     But  if  there  are  many 

piles  of  balls  one  above 
another,  each  ball  resting 
directly  and  centrically 
on  the  one  below  it,  we 
should  have  a  long  column 
of  these  hexagonal  joints, 
and  the  top  and  bottom 
of  each  joint  either  flat. 


concave,   or  convex,  ac^ 


cording  to  variations  in 
the  amoimt  and  direction 
of  the  pressure  at  the 
ends  of  the  columns. 

There  is  no  apparent 

Pte.  25.  1.      •  T 

^  reason  why,  m  a  cooling 

mass  of  basalt,  the  balls  should  be  so  arranged  as  that  their  centres 
should  be  in  straight  lines,  and  that  the  hexagonal  vertebrce  should  form 
straight  continuous  pillars  rather  than  separate  discontinuous  pave- 
ments. This,  however,  is  probably  the  result  of  the  simultaneous  ten- 
dency in  the  mass  to  split  into  prisms  in  consequence  of  the  joint- 
forming  action,  the  two  tendencies  acting  together  to  produce  the  long 
colunms  with  the  short  ball  and  socket  articulations. 

In  the  case  of  curved  columns,  it  is  probable  that  the  accidental 
arrangement  of  the  centres  of  the  balls  overpowered  the  tendency  to 
produce  straight  prismatic  joints.  Many  other  irregularities  may  fre- 
quently be  observed  resulting  from  the  unequal  action  of  one  or  the 
other  tendency,  and  from  the  centres  of  the  balls  being  irregularly 
distributed  through  the  mass,  since  there  are  not  only  curved,  but 
oblique  and  radiating  columns,  not  only  hexagonal,  but  pentagonal, 
triangular,  and  other  irregular  shapes,  and  in  some  instances  small 
uncompressed  or  nearly  uncompressed  balls,  may  be  foimd  in  the 
interstices  between  unequal  and  irregular  columns. 

The  pillars  of  basalt  are  usually  from  6  to  18  inches  in  diameter, 
and  vary  in  length  from  5  or  6  to  100  or  150  feet  Coliminar 
greenstone  is  commonly  on  a  larger  scale,  the  pillars  being  some- 
times 5  or  6  or  even  8  feet  in  diameter,  and  the  columnar  form  of 
the  rock  is  often  only  to  be  perceived  at  a  distance.  Almost  all  green- 
stone exhibits  the  tendency  to  decompose  into  rounded  spheroidal 
blocks,  on  which  we  have  just  seen  the  columnar  structure  partly  to 
depend.  Felstone  is  sometimes  also  beautifully  colunmar,  of  which  an 
admirable  example  may  be  seen  in  a  small  pass  to  the  southward  of 
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Lough  Gitane,  near  Killomey.— (See  papers  by  Messrs.  Da  Noyer  aud 
Foot  in  the  Journal  of  the  Geological  Society  of  Ihiblin,  1856,  and 
Erplanatum  of  sheet  184  of  the  maps  of  the  Geological  Survey ,  Jrelafid.) 
Neither  is  this  tendency  confined  to  basalt,  greenstone,  and  felstone, 
since  it  is  sometimes  perceptible  even  in  granite,  producing  in  that 
rock  the  "  logging  stones,**  or  "  rocking  stones,"  the  "  cheese  wrings," 
the  *^  torrs,"  as  well  as  the  the  '^  pots  and  pans,"  and  **  sacrificial  basins," 
and  other  curious  natural  forms  occurring  in  that  rock,  of  which  many 
have  been  attributed  to  ancient  artificial  processes. 

Cause  of  Joint  Structure, — In  seeking  for  a  cause  for  the  pro- 
duction of  joints  in  rocks,  the  first  and  most  obvious  one  that  occurs  to 
ns  is,  that  they  are  the  natural  result  of  the  contraction  in  the  mass  of 
the  rock  during  its  consolidation. 

Mud  or  clay  cracks  in  drying,  molten  rock  cracks  and  shrinks  in 
cooling.  One  of  the  chief  difficulties  experienced  in  large  castings 
either  of  molten  metal  or  in  plaist^r  casts  is  to  guard  against  tlie 
formatitm  of  cracks,  and  this  difficulty  increases  with  the  bulk  of  the 
materiaL 

It  has  been  several  times  attempted  to  turn  to  account  the  "slags" 
derived  from  iron  furnaces  by  allowing  them  to  run  into  moulds. 
An  attempt  was  once  made  in  South  Staffordsliire  to  run  them  into 
moulds  of  the  size  of  large  building-stones,  and  I  have  seen  a  lai^  wall 
made  of  these  molten  blocks.  The  attempt,  however,  was  abandoned, 
because  after  a  short  time  the  blocks  crumbled  into  small  cuboidal  frag- 
ments, in  consequence  of  the  nimierous  minute  concealed  "joints"  that 
tmversed  them. 

In  examining  the  newly  formed  beds  of  stone  in  the  small  islandH 
upon  coral  reefs,  I  always  found  them  divided  by  joints  like  other 
rocks.  The  consolidation  of  this  stone  was  obviously  due  to  the  action 
of  rain-water  dissolving  part  of  the  carbonate  of  lime  and  redepositing 
it  as  a  cement,  so  as  to  bind  together  the  previously  incoherent  coral 
sand  ;  for  the  stone  generally  rested  on,  and  was  surrounded  by,  coral 
sand  still  incoherent.  Among  the  coral  islands  on  the  north-east  coast 
of  Australia  I  often  observed  several  beds  of  stone  resting  on  each  other, 
each  more  than  a  foot  thick,  inclined  at  an  angle  of  8"  or  10* ;  that  is 
to  say,  at  the  same  angle  as  the  slope  of  the  beach  or  bank  of  sand  on 
which  they  rested.  They  had  to  all  appearance  been  formed,  that  is 
consolidated,  in  this  position.  The  johits  which  traversed  them, 
although  often  uneven  and  ja^'ged,  ran  in  straight  parallel  lines  over 
spaces  sometimes  of  200  yartls,  or  as  far  as  they  could  be  seen,  their 
]»]anes  being  generally  at  right  angles  to  those  of  the  be<ls,  one  set  of 
joints  running  along  the  greatest  linear  extension  of  the  mass  ("  strike" 
joints),  and  the  other  set  directly  across  the  former,  and  in  the  same 
direction  as  the  inclination  of  the  mass  ("dip*'  joints). 

L 
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The  directions  of  these  two  sets  of  joints  seemed  to  depend  in  these 
cases  on  the  directions  of  the  principal  bounding  surfaces  or  edges  of  the 
mass, 

I  believe  it  is  impossible  that  any  kind  of  rock  in  large  masses 
should  pass  from  a  fluid,  or  pasty,  or  soft  condition  into  a  hard,  firm, 
and  solid  state  without  the  production  of  a  number  of  joints  running 
in  different  directions  through  the  mass. 

It  does  not  by  any  means  follow  that  all  the  joints  in  any  mass  of 
rock  should  be  formed  at  any  one  time.  The  consolidation  of  the  mass 
may  take  place  slowly  and  gradually,  and  successive  sets  of  joints  be 
produced  in  it  at  different  times  during  that  process.  A  rock  moreover 
may  be,  at  some  subsequent  period,  placed  imder  circumstances  calculated 
to  produce  a  greater  degree  of  consolidation,  and  a  fresh  set  of  joints 
may  be  produced  in  it  from  that  cause. 

Neither  does  it  follow  that  contraction  on  consolidation  is  the  only 
agent  that  can  produce  joints,  since  they  may  possibly  be  formed  in  a 
mass  of  rock  that  is  in  a  state  of  tension  from  a  mechanically  expand- 
ing force. 

The  small  or  short  joints  confined  to  individual  beds  of  stratified 
rocks  may  liave  been  those  first  formed  on  the  original  consolidation  of 
the  one  bed  before  the  other  was  deposited  on  it,  those  joints  being 
then  perliaps  quite  imperceptible  divisional  planes  with  no  interspace 
between  the  blocks.  Whole  sets  of  beds  may  have  subsequently  been 
subject  to  one,  two,  or  more  actions  of  consolidation,  which  may  have 
produced  larger  joints  traversing  the  whole  mass.  Still  more  extensive 
joints  may  have  been  formed  subsequently  by  the  mechanical  agency  of 
the  upheaving  forces  acting  on  the  crust  of  the  globe-  Many  more 
numerous  joints  may  have  split  the  rocks  subsequently  into  smaller  and 
smaller  blocks  in  those  parts  where  the  rocks  have  been  subjected  to 
the  expanding  power  of  heat,  and  the  consequent  contraction  on  its 
withdrawal,  as  is  sometimes  to  be  seen  in  the  aqueous  rocks  in  contact 
with  trap  dykes  or  other  igneous  masses. 

It  would  be  no  easy  task  now  to  assign  to  each  particular  cause  the 
numerous  joints  which  may  be  observed  in  all  highly  indurated  and 
disturbed  rocks.  (See  papers  on  jointing  by  Professor  Harkness,  Journal 
OeoL  Soc,  Lond.,  vol.  xv.  p.  37,  and  by  Rev.  Professor  Haughton,  Phil, 
Trans.,  vol.  148,  part  2.) 

Surface  Eahihition  of  Joints, — In  some  places  the  jointed  structure 
of  rocks  is  sufficiently  striking  to  attract  the  notice  even  of  ungeological 
observers.  In  Van  Diemen's  Land,  at  a  place  called  Eagle  Hawk  Neck, 
the  rock,  of  which  a  large  surface  is  exposed  at  low- water,  is  so  regularly 
cut  by  joints  into  equal  cubes,  of  about  one  foot  in  the  side,  that  it  has 
become  a  local  celebrity,  under  the  name  of  the  "  tesselated  pavement." 

The  study  of  joints  and  the  other  divisional  planes  of  rocks,  and  the 
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different  forms  assumed  by  them  in  consequence,  both  when  freshly 
exposed  and  when  modified  by  "  weathering,"  is  as  necessary  for  the 
landscape  painter  who  wishes  to  reproduce  nature,  as  is  the  study  of 
anatomy  to  the  figure  painter.  Mr.  Ruskin  has  handled  this  subject  in 
his  usual  masterly  style. 

Natural  Erosion  of  Rocks  in  consequence  of  Joints, — In  the  same 
way  that  the  jointed  structure  of  rocks  facilitates  their  artificial  extrac- 
tion from  their  original  site  by  the  quarryman,  it  also  facilitates  their 
removal  by  natural  causes.  In  examining  cliffs,  we  may  frequently  be 
struck  by  the  way  in  which  a  slight  undermining  action,  if  it  happen 
to  cut  back  to  a  strong  vertical  or  highly  inclined  joint,  has  caused  the 
niin  of  vast  masses  of  rock.  Not  unfrequently,  too,  a  long  strip  of  rock 
lying  between  two  well-marked  joints,  closer  than  usual  together,  and 
nmning  into  the  land  at  right  angles  to  the  coast,  has  been  entirely  cut 
out,  giving  access  to  the  washing  and  eroding  action  of  the  breakers 
deep  in  among  the  rocks  on  each  side  of  it. 

The  erosive  powers  of  water  in  general,  and  especially  of  breakers, 
act  not  so  much  in  proportion  to  the  hardness  or  softness,  or  the  greater 
or  less  durability  of  tlie  material  of  which  large  masses  of  rock  are 
composed,  as  to  the  number  and  position  of  the  divisional  planes  of 
jointing  and  stratification  which  traverse  them.  A  rock,  even  though 
very  hard,  such  as  quartz-rock  or  crystalline  limestone,  will  be  much 
more  easily  carried  away  by  breakers  or  other  moving  water,  if  it  be 
cut  up  by  many  open  joints  into  blocks  of  a  convenient  size  and  8haj)e, 
than  much  softer  and  more  yielding  rock,  if  it  be  massive,  and  either 
unjointed,  or  the  joints  be  few  and  far  between,  and  the  sides  of  the 
blocks  very  close  together,  so  as  not  to  admit  easily  of  the  access  of 
either  air  or  water. 

Instances  of  the  action  of  the  breakers  on  jointed  rocks  are  to  be 
seen  on  all  coasts.  The  hard  rocks  of  the  western  coast  of  Ireland  afford 
many  illustrative  examples  of  the  action  as  going  on  at  present,  their 
cliffs  and  rocky  islets  having  been  formed  by  this  action.  Mr.  W. 
L.  Willson,  late  of  the  Geological  Survey  of  Ireland,  once  told  me  that 
in  the  far  part  of  the  promontory  between  Bantry  and  Dunmanus 
Bays,  he  met  with  dark  holes  in  the  fields  some  distance  back  from 
the  edge  of  the  cliffs,  looking  down  into  which  the  sea  might  be  dimly 
seen  washing  backwards  and  forwards  in  the  narrow  cavern  below. 

In  county  Kerry,  Ballybunion  Head  is  completely  undermined  by 
caverns,  into  which  the  sea  enters  from  both  sides  ;  and  in  the  county 
Clare,  in  the  promontory  north  of  the  Shannon,  which  terminates  in 
Loop  Head,  there  are  numerous  instances  of  the  sea  penetrating,  for 
some  distance,  beneath  land  one  or  two  hundred  feet  in  height,  by 
working  along  certain  joints  in  the  hard  grits  and  induratetl  shales,  of 
which  the  land  is  composed. 
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At  high-water,  and  during  gales  of  wind,  with  heavy  breakers  roll- 
ing in  upon  the  coast,  vast  volumes  of  water  are  poured  suddenly  into 
these  narrow  caverns,  and  rolling  on,  compress  the  air  at  their  farther 
end  into  every  joint  and  pore  of  the  rock  above,  and  then  suddenly 
receding,  suck  both  air  and  water  back  again,  with  such  force  as 
now  and  then  to  loosen  some  part  of  the  roof.  Working  in  this  way, 
the  sea  sometimes  gradually  forms  a  passage  for  itself  to  the  surface 
above,  and  if  that  be  not  too  lofty,  forms  a  "  blow-hole  **  or  "  puflftng- 
hole,"  through  which  spouts  of  foam  and  spray  are  occasionally  ejected 
high  into  the  air. 

Mr.  Marcus  Keane  shewed  me,  on  a  late  visit  to  the  promontory  of 
Loop  Head,  considerable  blocks  of  rock  that  had  been  blown  into  the 
air  on  the  formation  of  one  of  these  pufUng-holes  within  his  own  recol- 
lection, and  pointed  out  large  holes  opening  down  into  cavernous  giillies 
that  lead  from  one  cove  to  another,  behind  bold  headlands  of  even  a 
hundred  or  more  feet  in  height,  shewing  the  commencement  of  the 
process  by  which  headlands  were  converted  into  islands.  One  such 
square  precipitous  island,  which  was  now  at  least  twenty  yards  from 
the  mainland,  was  said  by  the  farmer  who  held  the  groimd  to  have 
been  accessible  by  a  twelve  foot  plank  when  he  was  a  boy.  Blocks  of 
rock  five  feet  across  were  pointed  out  that  had,  during  recent  storms, 
been  rolled  by  the  breakers,  from  among  rocks  twenty  feet  above  high- 
water  mark,  up  on  to  the  grass  full  twenty  feet  higher  and  twenty  yards 
further  back. 

The  whole  coast  of  Clare  is  a  succession  of  precipitous  cliffe  with 
square  faces,  the  result  of  the  sea  acting  on  the  large  cuboidal  joints 
that  traverse  the  rocks.  The  celebrated  cliffs  of  Moher  in  that  county, 
that  rise  with  a  perfectly  vertical  face  to  heights  of  more  than  600  feet, 
afford  magnificent  examples  of  the  joint  structure,  and  of  the  way  in 
which  the  ocean  takes  advantage  of  it  to  cut  back  into  the  land,  how- 
ever lofty  or  however  hard  and  imyielding  it  may  apparently  be. — (See 
Mr.  Foot*s  account  of  this  coast  in  Explanation  of  sheets  141  and  142 
of  the  Oeological  Survey  of  Ireland) 


CHAPTER  XL 

MOVmXNTS  OF  DISTURBANCE  IN  THE  SABTH'S  0BU8T. 

In  tlie  two  preoeding  chapten  we  have  examined  the  facts  connected 
with  the  deposition  of  rock  under  water,  and  those  consequent  on  the 
consolidation  of  aqueous  or  igneous  rocks.  The  problem  that  naturally 
presents  itself  next  for  solution  is  that  of  the  elevation  of  rocks  formed 
beneath  the  sea,  and  their  appearance  as  dry  land  Before  attemptiiig 
to  describe  the  facts  connected  with  this  subject,  however,  it  will  be 
well,  first  of  all,  to  glance  over  what  is  known  respecting  the  general 
constitution  of  the  earth. 

Form  of  the  Earth, — The  earth  is  an  oblate  spheroid,  the  polar 
diameter  being  7899.60  statute  miles,  and  the  equatorial,  7926.05,* 
or  26^  miles  longer.  The  equatorial  radius,  therefore,  is  about  13;^ 
statute  miles  longer  than  the  polar  radius,  or  in  round  nimibers  70,000 
feet  If,  therefore,  we  imagine  a  true  sphere  to  be  described  within  the 
earth,  the  radius  of  which  shall  be  equal  to  the  polar  radius,  the  sur- 
face of  that  sphere  will  coincide  with  the  actual  surface  of  the  earth 
only  about  the  poles,  but  will  sink  beneath  the  actual  surface,  as  we 
recede  from  the  poles,  gradually  and  regularly,  till  it  is  70,000  feet 
deep  under  the  equator  (see  fig.  26). 

Let  fig.  26  represent  a  section  of  the  earth  through  the  poles  P  P, 
and  the  centre  c,  the  line  P  P  being  its  polar  diameter,  and  the  line 
E£  its  equatorial  diameter,  and  let  it  be  drawn  on  a  scale  of  2600 
miles  to  the  inch.  Then  if  an  inner  circle  be  drawn  one-tenth  of  an  inch 
inside  P  P,  that  will  represent  a  depth  of  260  miles,  and  the  circle  VeVe 
will  represent  the  circumference  of  the  supposed  internal  sphere  drawn 
on  the  polar  radius  c  P.  The  curved  outer  line  P  £  P  £  will  then  repre- 
sent the  actual  surfisu^  of  the  earth  protuberant  beyond  this  internal 
sphere,  but  this  is  not  drawn  to  scale.  The  space  between  the  letters 
«  £  on  each  side  ought  to  be  only  ^th  of  the  space  between  P  and  the 
inner  circle,  whereas  it  is  drawn  nearly  as  },  since  a  twentieth  of  that 
space  would  not  be  visible  to  the  naked  eye.  Making  allowance  for 
tlus  necessary  distortion  the  figure  will  rej>re8ent  the  surface  of  the 

•  Thwe  nnmberM  are  thow  deduced  by  M.  Bessel.— (.Vr«.  SomervilWi  Physical  Geography, 
4th  edltkm,  p.  5.) 
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eartli  bulgmg  at  the  equator  13}  miles  beyond  the  supposed  internal 
Bphere,  «id  a  depth  of  260  miles  below  that  sphere. 

This  equatorial  protubentnce   may,  in  fact,  as   Professor  Henessey 
once  remarked  to  me,  be  likened  to  a  great  mountain  mass  resting  on 


the  supposed  internal  sphere,  with  a  haae  equal  to  the  whole  Burfec«  of 
that  sphere,  and  rising  to  a  height  of  70,000  feet  above  it  under  the 
equator. 

The  upper  surface  of  the  sea,  or  tea-level,  will  form  the  true  mean 
or  symmetrica!  surface  of  this  protuberant  shelL  The  dry  land  rises 
irregularly  above  that  surface,  and  the  surface  of  the  bed  of  the  sea 
sinks  irr^ularly  below  it.  The  mass  of  the  dry  land,  however,  is  so 
small  compared  with  the  bulk  of  this  protuberant  shell  as  to  be  quit« 
insignificant,  even  when  we  take  into  account  such  a  boss  as  the  table- 
land of  Thibet,  with  a  mean  height  of  10,000  or  12,000  feet,  and  a 
diameter  of  600  miles,  or  such  occasional  pinnacles  as  the  Himmalayab 
Mountains,  of  which  the  ktftiest,  Uount  Everest,  rises  29,000  feet 
above  the  sea-leveL 
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The  depths  of  tihe  ocean  are  donbtlesB  greater  than  the  heights  of 
the  hind,  but  it  may  rery  well  be  doubted  whether  much  of  the  surface 
of  its  bed,  except  in  the  Polar  r^ons,  sinks  below  the  protuberant 
shell  of  the  earth  down  to  the  surface  of  the  supposed  internal  sphere 
before  mentioned. 

The  irregularities  in  the  surface  of  the  earth  are  then  merely  irre- 
gularUie9  m  iu  protuberant  shell,  and  they  are  largely  compensated  fur 
by  all  their  lower  hollows  being  filled  up  with  water,  up  to  a  height 
which  must  certainly  be  considerably  above  the  mean  level  of  these  irre- 
gularities. 

Stability  of  the  Earth's  axis, — ^This  protuberant  shell,  consisting  partly 
of  earth  and  partly  of  water,  provides  for  the  stability  of  the  earth's 
axis  and  the  permanence  of  its  form.  The  actual  circumference  of  the 
earth's  equator  is  about  eighty-three  miles  greater  than  that  of  the  cir- 
cumference of  the  true  sphere  enclosed  in  it,  and  its  movement  of  rota- 
tion IB  correspondingly  more  rapid  than  that  of  the  surface  of  that 
sphere,  inasmuch  as  each  point  of  it  is  carried  round  that  greater  space 
in  the  same  period  of  time.  If,  therefore,  any  disturbing  action,  either 
internal  or  external,  tended  to  cause  the  earth  to  rotate  on  any  other 
axis  than  the  existing  one,  it  would  have  to  overcome  the  resistance  of 
the  greater  centrifugal  force  now  residing  in  the  equatorial  protuberance 
of  the  earth,  and  transfer  it  to  some  other  circumference.  It  seems 
difficult  to  imagine  any  cause  capable  of  this,  but  even  if  it  existed, 
unless  the  earth  immediately  adjusted  its  form  to  its  new  motion,  and 
transferred  its  protuberance  to  the  new  equator,  the  disturbance  could 
only  be  temporary,  and  the  earth  would  immediately  begin  to  swing 
back,  so  as  to  rotate  upon  its  shortest  diameter  as  an  axis,  and  its  largest 
circumference  as  an  equator. 

It  follows  from  this  that  ever  since  the  earth  assumed  its  present 
form  of  an  oblate  spheroid,  the  position  of  its  axis  must  have  almost 
certainly  remained  within  it  unchanged,  and  the  points  on  its  surface  now 
occupied  by  the  north  and  south  poles  must  have  always  been  its  poles. 

Whether  the  present  axis  of  the  earth  always  pointed  to  the  same 
point  of  the  heavens  (making  allowance  of  course  for  merely  secular 
or  periodical  motions,  such  as  that  of  imtation,  or  that  on  which  the 
precession  of  the  equinoxes  depends),  or  whether  it  was  always  inclined 
23^^*  from  the  pole  of  its  orbit,  and  the  equator  correspondingly  inclined 

*  Ajitronomers  inform  us  (see  Herechel's  Outlines  of  Astronomy,  chap,  xil.,  art.  S80X 
that  the  obliquity  of  the  ecliptic  to  the  equator  is  now  diminishing  at  the  rate  of  48"  in 
a  century,  but  that  after  the  diminution  has  reached  a  certain  point,  it  will  again  increase, 
the  amount  of  variation  in  their  angle  never  exceeding  1*  21'. 

If  the  ecliptic  were  actually  to  coincide  with  the  equator,  the  result  would  be  a  great 
cJiange  in  the  climate  of  the  earth,  since  there  would  be  continual  simshine  at  the  poles,  and 
for  a  circle  of  60  or  70  miles  round  them,  uo  darkness  greater  than  twilight  in  the  major 
part  of  the  arctic  and  antarctic  circles,  and  equal  day  and  niglit  all  over  the  rest  of  the  globe. 
(Letteraof  CoL  Sir  H.  James,  R.  E.,  Athenocum,  September  1800.) 
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to  the  ecliptic  is  altcgetlier  another  question,  ta  which  there  Beems  (« 
be  nothing  in  the  intemal  constitution  or  external  form  of  the  earth, 
caiculuted  to  give  an  answer, 

Intmml  Temperature  of  the  Earth. — It  in,  however,  Tery  remark- 
able, that  the  form  of  the  earth  as  above  described,  is  said  to  be  almost 
exactly  that  of  a  spheroid  of  rotation  ;  that  is  the  form  which  the  earth 
would  have  assumed  supposing  it  to  have  been  once  a  fluid  or  pasty 
mass  revolving  with  its  present  velocity.  That  the  earth  has  this  form, 
certainly  raises  a  strong  preeuiuptioQ  in  our  minds  that  it  was  once 
fluid  or  pasty. 

If  BO,  is  it  more  likely  that  that  fluidity  or  semi-fluidity  was  a 
watery  or  an  igneous  one,  in  other  words,  were  the  materials  of  the 
earth  in  a  state  of  solution,  or  a  state  of  fusion  ? 

The  answer  to  this  question  miwt  be  sought  in  an  inquiry  into  the 
eondition  of  the  interior  of  the  earth  at  the  present  time.  If  the  whole 
earth  was  ever  in  a  state  of  fusion,  are  an^  traces  or  remains  of  that 
voodition  to  be  now  discovered,  in  other  words,  what  is  the  proper 
temperature  of  the  interior  of  the  globe  I  We  may  arrive  at  some  cou- 
eliuioQ^on  this  point  from  the  following  considerations. 

a.  The  phenomena  of  volcanoes  pouring  out  molten  rock  on  all 
sides  of  the  globe,  assure  us  that  large  parte  of  the  interior,  at  least,  aie 
from  some  cauKe  or  other,  so  heated  as  to  render  the  materials  of  solid 
rock  perfectly  fluid.  Extinct  volcanoes  shew  us  that  this  was  the  case 
formerly  with  other  parte  of  the  globe,  where  the  action  b  not  now 
apparent. 

Other  masses  of  igneous  rock,  all  connected  with  actual  lavas  by  a 
regular  chain  of  gradatiou,  are  found  to  have  proceeded  from  the 
interior,  up  In,  or  towards  the  BUrliice,  even  where  there  is  no  appear^ 
once  now,  and  perhaps  never  was  any,  of  actual  volcanic  cones  upon 
the  surface. 

This  almost  universal  appearance  at  the  surface  of  once  molten 
rock  proceeding  from  the  interior  of  the  earth,  convinces  us  that 
there  must  be  some  widely  spread  and  general  source  of  heat  in  that 
direction. 

(.  As  a  matter  of  direct  observation,  it  is  found  that  in  all  deep 
mines  the  temperature  of  the  rock  increases  as  we  descend,  at  the  rate 
of  1°  of  Fahrenheit  for  every  50  or  60  feet  of  descent  after  the  first 
hundred.  This  is  the  case  in  every  part  of  the  globe,  and  in  all  kinds 
of  rock.  Numerous  observations  have  been  made  with  all  possible  pre- 
cautions against  niiBtake,  and  though  the  results  vuiy  in  amoimt,  they 
all  agree  in  giving  an  increose  of  teiuperoture.  A  recent  case  is  men- 
lioned  in  Mr.  Hull's  "  Coalfields  of  Great  Britain,"  where  an  abstract  is 
given  of  Mr.  Fairbaim's  observations  on  the  temperature  of  the  deep 
cool  pit  lately  sunk  at  Dukinfleld,  near  Manchester,     At  a  depth   of 
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2161  feet,  the  temperature  is  constantly  75°  Fahrenheit,  while  the 
constant  temperature  at  a  depth  of  17  feet,  was  only  61°  Fahrenheit. 
This  gives  an  increase  of  1°  Fahrenheit  for  every  89  feet  only,  or  less 
than  the  average. 

Deep  springs  also,  and  wells,  such  as  the  deep  Artesian  well  of 
Grenelle  at  Paris,  are  always  found  to  have  a  high  temperature.  At 
Grenelle,  the  water  brought  from  a  depth  of  1 798  feet  has  a  constant 
temperature  of  81°.7  of  Fahrenheit,  while  the  mean  temperature  of  the 
air  in  the  cellar  of  the  Paris  Observatory  is  only  63°.  Very  accurate 
and  careful  observations  have  lately  been  made  by  M.  Walferdin  on 
the  temperature  of  two  borings  at  Creuzot,  within  a  mile  of  each  other, 
commencing  at  a  height  of  1030  feet  above  the  sea,  and  going  down  to 
a  depth,  the  one  of  2678  feet,  the  other  about  1900  feet.  The  results, 
after  every  possible  precaution  had  been  taken  to  ensure  correctness, 
gave  a  rise  of  1°  Fahrenheit  for  every  56  feet,  down  to  a  depth  of 
1800  feet,  beyond  which  the  rise  of  temperature  was  more  rapid, 
being  1°  Fahrenheit  for  every  44  feet  of  descent. — {Cosmos,  May  16, 
1867.) 

Hot  springs  are  usually  found  to  proceed  from  great  faults  or 
fissures  which  penetrate  deeply  into  the  crust  of  the  globe. 

c.  Experiments  formerly  made  on  the  attraction  exercised  by  the 
mountains  of  Schehallion  and  Mt.  Cenis,  and  lately  on  the  deflection  of 
the  plumb  line  at  Edinbui-gh,  as  calculated  by  the  Ordnance  Survey, 
under  Col.  Sir  H.  James  (Phil.  Trans.,  voL  146,  p.  591),  as  well  as 
experiments  with  leaden  balls,  on  the  torsion  balance,  by  Cavendish  and 
Mitchell,  and  more  lately  by  ^Ir.  Baily  (Somerville's  Phys.  Qeog.,  p.  6, 
note),  give  a  specific  gravity  for  the  whole  earth,  varjing  from  6  to  6.6. 
Recent  experiments  on  the  dift'erence  in  the  times  of  oscillation  of  a 
pendulum  at  the  bottom  and  top  of  a  deep  coal  mine  at  Harton,  by  the 
Astronomer-Royal,  give  as  much  as  6.56  for  the  mean  density  of  the 
earth  (Phil.  Trans.,  vol.  146,  p.  355.)  We  may  confidently  say,  there- 
fore, that  the  earth  has  a  specific  gravity  of  about  5  or  6.  Now,  the 
specific  gravity  of  granite  varies  from  2.6  to  2.9  ;  that  of  basalt  is  about 
3.0 ;  that  of  rock  in  general  is  from  2.5  to  3.0.  The  earth,  therefore, 
is  at  least  twice  as  heavy  as  it  would  be  if  made  of  any  known  rock,  such 
as  that  rock  appears  at  the  surface. 

The  pressure  of  gravity,  however,  would  render  any  such  rock,  as 
granite  for  instance,  much  more  than  twice  as  dense  as  it  is  at  the 
surface,  long  before  it  reached  the  centre.  According  to  Leslie,  water 
would  be  as  heavy  as  merciuy  at  a  depth  of  362  miles,  air  as  heavy 
as  water  at  34  miles.  At  the  centre  of  the  globe,  steel  would  be 
cx)mpres8ed  into  one-fourth  of  the  dimensions  it  has  at  the  surface, 
and  most  stone  into  one-eighth,  if  the  law  of  compression  be  supposed 
to  be  uniform  from  the  surface  to  the  centre. 
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We  should  therefore  expect  that  the  whole  earth,  if  its  substance  be 
anything  like  homogeneons,  and  at  all  resembling  granite  for  instance 
in  constitution,  would  have  a  niudi  greater  apedfic  gravity  than  5  or  6, 
if  it  were  not  for  some  expansive  force  in  its  interior  counteracting  the 
pressure  resulting  from  gravitation.  We  know  of  no  such  force  except 
that  of  heat*     (See  Lyell's  Principles,  chapters  32  and  33.) 

It  hag  consequently  become  the  prevailing  opinion  of  ecientific  men 
of  late  years,  that  the  earth  has  an  internal  temperature  of  its  own, 
altogether  independent  of  any  heot  it  may  receive  from  the  sun  or  other 
eitnuieouM  sources,  and  much  greoter  than  the  temperature  of  the 
surrounding  space,  and  that  it  consists  of  a  cool  envelope  surrounding  a 
highly  heated  iuterior. 

^uettion  ai  to  Fluidity/  of  central  part  of  Otobe. — If  we  could  sup- 
poie  that  the  rate  of  increase  observed  in  mines  and  deep  wells,  that  is 
to  soy,  an  increase  of  1°  F.  for  every  60  feet  of  descent  or  thereabouts, 
were  to  be  continued  indefinitely  into  the  interior,  it  would  follow  that, 
at  a  depth  of  10,000  feet  beneath  the  British  Islands,  all  water  would 
be  OS  hot  as  boiling  water  is  at  the  surioce,  or  212°  F.  At  a  depth  of 
about  20  miles,  the  temperature  of  all  parts  of  the  globe  would  be 
1760"  P. ;  and  at  50  miles,  would  be  4600°  F.  Now,  the  heat  of  a 
common  fire  is  calculated  at  1140°F.;  brass  melts  at  1860°F.;  gold 
at  2016°  F. ;  and  platinum  at  3060°  F. 

It  would  then  appear  that,  if  the  increase  of  temperature  be  regular, 
all  substances  that  we  know  at  the  surface  must  be  molten  at  a  com- 
paratively  slight  depth  ;  at  about  one-fifth  of  that,  for  instance,  indi- 
cated by  the  inner  circle  in  f^.  26.  This  fusion,  however,  does  not 
follow  as  a  necessary  consequence,  since  we  do  not  know  how  Ear  the 
influence  of  increased  pressure  may  operate  to  keep  matter  solid,  even 
when  raised  to  temperatures  that  would  be  more  than  sufficient  to  ren- 
der them  fluid  if  it  were  communicated  to  them  at  the  surface  of  the 

Water  at  a  height  of  12,000  feet  above  the  surface  (as  on  the  Peak 
of  Teneriffe)  cannot  be  made  hotter  than  190°  F.,  since  it  boils,  that  is, 
it  becomes  steam,  at  that  temperature.  At  the  level  of  the  sea  it  requires 
to  be  raised  to  212°  F.  before  it  posses  into  steam  ;  at  the  bottom  of  a 
deep  mine  the  increased  pressure  of  the  atmosphere  would  keep  it  in 
the  liquid  state  up  to  214°  F.  or  higher  ;  and  so  we  may  well  suppose, 
that  at  great  depths  water  might  be  raised  to  500°  or  600°  F.,  perhaps, 
and  stilt  remain  water. 


■  Thi>« 


Dt  perhipa  be  of  u;  grut  Vitus, 


opffli  (o  snylxKl)-  w  dony  thB  hamogeneltr  of  Uie  interior  of  the  a»Hh,  .nd  to  aqppoH  thmi 
It  ii  likely  to  cuntiln  •  lirgn  proportion  of  maUl  in  tlia  interior  t)iu  neu  ths  aorfue,  ud 
Oui  it  DBT  tw  » lioUow  .pl«rold.  TIm  tact  of  «  high  Intenul  tempenture,  howerot,  niij 
be  held  to  be  anfflcleiitly  prored  bf  tlH  (m  prMedlng  usumentK 


CAI7SE8  or  DISTUBBANCS.  S27 

Bat  yrhat  is  true  of  a  liquid  paflsing  into  a  vapour,  is  also  true  of  a 
»M]id  paaring  into  a  liqmd  Btate,  although  leas  is  known  of  the  relations 
between  increase  of  temperatnie  and  of  pressure  in  the  latter  case.  It 
seems  likelj,  however,  not  only  that  the  melting  points  of  solids  should 
be  largely  aflected  by  variations  in  the  pressure  to  which  they  are  sub- 
jected, but  that  different  solid  substances  should  be  affected  in  a  different 
imtia  If  this  be  the  case,  it  will  follow  that  we  cannot  arrive  at  any 
definite  conclusion  as  to  the  thickness  of  the  solid  crust  of  the  globe 
from  the  consideration  of  the  internal  temperature  only  ;  and  also  it 
follows,  that  at  some  depth  there  must  b^  a  stratum  of  very  high  tem- 
perature, which  is  neither  quite  solid  nor  quite  fluid,  but  passing  from 
one  into  the  other  as  the  increase  of  temperature  gradually  overcomes 
the  eflfect  of  pressure. 

Should  this  be  the  true  condition  of  the  interior  of  the  earth,  it 
may  well  be  that  the  earth  may  have  a  comparatively  thin  crust  over 
a  completely  fluid  centre,  and  yet  that  there  shall  be  such  a  gradation 
from  one  into  the  other,  that  the  fluid  nucleus  shall  not  move  freely 
within  the  solid  crust,  but  the  whole  rotate  together  as  one  body,  and 
hence,  that  the  fluidity  of  its  interior  shall  have  no  effect  on  the  rota- 
tion of  the  earth,  and  not  be  discoverable  by  any  astronomical  investi- 
gation. 

The  student  will  find  a  more  complete  discussion  of  this  subject  in 
various  papers  by  Mr.  W.  Hopkins  of  Cambridge,  and  Professors 
Haughton  and  Henessey  in  the  Philosophical  Transactions,  and  the 
Transactions  of  the  Royal  Irish  Academy. 

Exciting  causes  of  disturbing  action  on  EartKs  Crust, — If  the  idea 
of  an  intensely  heated,  more  or  less  fluid,  centre,  with  a  comparatively 
thin  cool  crust,  be  a  true  conception  of  the  condition  of  our  globe,  it  is 
obvious  that  we  have  an  abundant  source  of  igneous  action  and  of 
mechanical  movement  in  different  parts  of  that  crust  from  time  to  time, 
provided  we  can  admit  of  local  exciting  causes  producing  an  occasional 
determination  of  the  internal  heat  towards  certain  spots  or  lines  of  the 
surface. 

What  IB  the  exact  nature  of  these  local  exciting  causes  is  a  question 
to  which  no  perfectly  satisfactory  answer  has  yet  been  given.  One  of 
them  may  perhaps  be,  as  supposed  by  Bischof,  the  access  of  water 
through  cracks  and  fissures  to  a  deep  and  intensely  heated  level,  and 
the  consequent  generation  of  highly  explosive  steam ;  but  then  this 
leaves  unaccounted  for  the  previous  production  of  these  very  cracks  and 
fissures. 

The  hypothesis  of  the  oxidisation  of  the  metallic  bases  of  the  earths 
and  alkalies  producing  a  local  intensity  of  heat,  seems  likewise  to  involve 
the  access  of  air  and  water  to  spots  they  hod  not  before  reached,  and 
to  require  the  providing  of  the  means  of  access  for  theuL 
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For  the  present,  however,  we  may  dismies  speculation  as  to  the 
precise  cause  or  mode  of  action  of  the  elevatory  and  disturbing  force, 
and  turn  our  attention  to  an  examination  of  its  results. 

To  produce  a  permanent  change  of  relative  Level  between  the  Sur- 
face of  Land  and  Sea,  the  solid  part  of  the  Earth* s  Crust  must  movefrst, — 
it  is  clear  that  all  rocks  which  were  formed  at  the  bottom  of  the  sea, 
and  which  are  now  dry  land,  must  have  gained  their  present  situation 
either  by  the  sinking  of  the  sea  level,  or  by  the  uplifting  of  the  sea 
bottom.  If,  however,  the  level  of  the  sea  be  materially  lowered  in  any 
one  part  of  the  globe,  it  must  be  equally  lowered  over  its  whole  surface. 
But  we  find  aqueous  rocks  on  the  summits  of  some  of  our  highest 
mountains,  and  if  these  had  been  laid  dry  solely  by  the  sinking  of  the 
sea,  without  any  movement  of  any  kind  in  the  solid  crust  of  the  globe, 
we  must  suppose  that  a  shell  of  water  as  deep  as  our  highest  mountains 
has  been  removed  bodily  from  the  earth  into  another  part  of  the  universe. 

For  if  the  quantity  of  water  in  the  ocean  remained  the  same, 
its  surface  level  could  not  peniianently  sink,  unless  there  were  a  hollow 
made  in  the  solid  part  of  its  bed  for  the  water  to  sink  into.  Neither 
could  iU  suiface  level  be  permanently  raised,  except  by  the  filling  up 
of  some  of  the  deeper  parts  of  its  bed  by  the  deposition  of  earthy 
matter  ;  or  else  of  a  contraction  of  the  capacity  of  its  bed  by  the  rising 
of  the  solid  rock  below  it.  If  the  quantity  of  water  on  the  globe, 
then,  remain  the  same,  any  permanent  change  in  the  level  of  the  sea, 
even  if  it  were  an  equal  and  uniform  change  all  over  the  globe,  could 
only  be  caused  by  a  previous  change  of  position  in  some  of  the  solid 
pai-ts  of  the  crust  of  the  globe. 

But  if  this  be  true  for  even  a  general  change  of  level  common  to 
the  whole  globe,  still  more  obviously  true  is  it  for  a  local  and  partial 
change  in  the  relative  levels  of  land  and  water  at  any  particular  sxwt 
of  the  globe,  or  in  any  limited  area,  such  as  the  Baltic  Sea,  for  instance. 

Wherever,  then,  we  find  that  a  change  has  occurred  in  the  relative 
levels  of  land  and  sea  in  any  portion  of  the  globe,  we  must  believe  that 
the  elevation  or  depression  has  originated  in  the  solid  rock,  and  not  in 
the  fluid  ocean.  The  very  fluidity,  indeed,  of  the  ocean,  which  might 
at  first  lead  us  to  look  to  its  motion  and  change  of  place  as  the  cause 
of  the  appearance  of  dry  land,  renders  any  permanent  local  change  in 
its  level  impossible,  while  a  local  change  in  the  level  of  solid  rock  is 
more  easily  possible  than  a  general  or  universal  one. 

Motion  in  Rocks  2>roved  hy  inclinatimx  of  Bed^, — We  may  arrive  at 
this  conclusion  in  another  way.  We  could  not  continue  our  observa- 
tions upon  stratified  or  atjueous  rocks  very  long  without  perceiving  that 
their  beds  are  not  invariably  horizontal,  but  are,  on  the  contrary, 
generally  inclined  to  the  horizon.  Now,  we  have  already  seen  that  in 
certain  cases  beds  of  stratified  rock  may  be  formed  on  a  considerable 
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slope,  or  may  have  im  origiiutl  indinatitm  due  to  the  very  circninsUnces 
of  their  deposition.  These  cases,  however,  are,  by  their  very  nature, 
limited  to  sinall  areas.  A  steep  slope  cannot  be  of  indefinite  extent  in 
.every  direction,  and  could  not  have  strictly  parallel  beds  deposited  on 
it  over  its  whole  area  if  it  were  Whenever,  then,  we  haie  \er)  wiileli 
spread  beds,  maintaining  an  Lqual  Ihukness  and  stnct  or  approximatL 
parallelism  o^er  a  large  extent  of  ground,  wt,  ina>  feel  perfcctlv  sure 
that  those  beds  when  first  formed  were  practicall}  honzontal  If  such 
beds  are  now  found  in  an  inclined  po'iition,  we  mav  le  equallv  certain 
that  they  ha\e  been  moted  since  their  formation  and  moved  more  ui 
one  direction  than  in  another  Thev  must  h&\e  been  liltai,  either  bv 
being  lifted  up  at  one  end  or  depressed  at  the  other  In  many 
cases  we  find  this 
motion  to  have  been 
Tery  great  ;  the  beds 
have  been  tilted  and 
set  on  edgu  so  as  to 
rest  at  very  great 
angles,  and  in  some 
cases  t«  be  absolutely 
vertical.  Beda  con 
sietiiig  of  altematioiiB 
of  clay  and  sand,  with 
thin  seams  of  roun<l 
pebbles  that  must 
clearly  hare  been  de- 
posited   horizontally, 

have  been    tilte.1   up        ■J««™ii»ii"iigiiy*noir"uiiui«oni»,  wBlMn.nH.tMre- 
mi  .1 "    fill*.  I've  tatn    clcpoBileJ   horiionUUir,  now  Id  b  vritlcol 

till  they  are  now  per-  ,„j,it|„n 

pendicular    (see    fig. 

27).     No  one  could  look  at  a  cliff  exhibiting   these    facts,   without 

feeling  certain  that  in   this  case,  at  all  events,  some  subterranean  and 

internal  forces  hud  acted  upon  previously  horizontal  beds,  and  lifted 

them  into  their  present  position. 

Motumi  in  Earth'*  Crust  diiriai/  recent  (iW». — If  we  still  hesi- 
tated to  believe  motion  in  the  solid  frame-work  of  the  earth  possible, 
our  scepticism  must  at  length  give  way  before  the  knowledge  of  the 
fact  that  it  is  still  going  on,  even  in  our  own  day,  in  various  parta  of 
the  earth.  For  a  compendious  account  of  movements  of  elevation  and 
depression  in  the  lands  of  the  present  day,  either  having  occurred 
within  the  times  of  history  or  still  in  progress,  I  muat  refer  the  reader 
to  Sir  C.  Lyell's  Principles  of  Geology,  chapters  iiix.,  xxx.,  and  iixL 
He  will  there  find  an  account  of  the  gradual  rise  of  Sweden  and  Norway, 
vhich  is  now  going  on  at  the  rate  of  about  three  f«et  in  a  century  ;  of 
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the  frequent  elevation  of  land  along  the  west  coast  of  South  America, 
simultaneously  with  the  occurrence  of  earthquakes  ;  of  the  depression 
of  the  west  coast  of  Greenland  ;  and  of  both  the  elevation  and  depres- 
sion of  the  temple  of  Jupiter  Serapis,  and  its  neighbouihood,  in  the 
bay  of  Naples,  and  other  similar  facts  in  other  parts  of  the  globe. 

More  recent  movements  still  were  mentioned  by  Sir  C.  Lyell,  in  a 
lecture  to  the  Royal  Institution  in  1856,  as  having  occurred  in  New 
Zealand  simultaneously  with  the  earthquake  of  January  1855.  A  step 
of  rock,  bared  of  earth,  nine  feet  high,  was  traceable  for  ninety  miles  at 
the  edge  of  a  plain  along  the  foot  of  a  range  of  hills.  An  elevation  of 
five  feet  took  place  on  the  north  side  of  Cook's  Straits,  so  as  almost  to 
exclude  the  tide  from  the  river  Hutt,  and  a  corresponding  depression 
on  the  other  side  of  the  straits  allowed  the  tide  to  flow  up  the  river 
Wairua  several  miles  higher  than  before. 

That  these  permanent  changes  of  level  have  not  been  more  often 
observed  is  probably  in  great  part  owing  to  the  want  of  a  natural 
standard  of  level.  A  change  of  level  diffused  over  a  considerable  area 
could  only  be  detected  on  the  sea  coast,  or  by  accurate  measurement 
referring  to  some  standard  of  level  which  had  not  itself  been  disturbed. 
Our  only  natural  standard  of  level  is  that  of  the  upper  surface  of  the  sea. 

The  movement  of  the  land  in  Scandinavia  and  Greenland  is  so  slow 
and  gradual  as  to  be  quite  insensible,  the  inhabitants  only  becoming 
aware  of  it  by  its  results,  and  naturally  referring  it  to  a  movement  in 
the  sea  rather  than  in  the  land. 

More  frequently,  however,  movement  in  the  crust  of  the  earth 
appears  to  be  accompanied  by  earthquakes,  which  are  probably  the 
results  of  a  sudden  yielding  or  fracture  in  the  solid  frame-work  com- 
municating a  jarring  vibration  and  imdulation  to  the  parts  above  and 
around  it.  Every  earthquake  is  probably  accompanied  by  a  dislocation 
in  the  rocks  shaken.  That  dislocation  sometimes  perhaps  extends  to 
the  surface,  but  it  is  clear  that  the  bending  and  fracture  of  the  rocks 
will  be  greatest  nearest  to  the  origin  of  the  disturbing  force,  the  amount 
of  disturbance  being  gradually  relieved  as  it  travels  towards  the  surface. 

The  frequency  of  earthquakes,  if  we  take  the  whole  earth  into 
account,  is  much  greater  than  would  be  supposed  by  the  inhabitants  of 
any  one  country,  more  especially  if  that  be  one  of  the  regions  not  now 
affected  by  earthquakes.  In  the  earthquake  catalogue  of  the  British 
Association,  compiled  and  discussed  in  so  admirable  a  manner  by  Mr. 
Mallett  and  his  son,  he  mentions,  for  the  three  last  years  of  his  cata- 
logue, 86  earthquakes  in  1840,  152  in  1841,  and  92  in  1842,  so  that 
two  or  three  earthquakes  occur  every  week,  even  of  sufficient  magnitude 
to  be  recorded,  to  say  nothing  of  others  that  are  not  recorded,  either 
from  their  minor  character  or  from  their  occurring  in  parts  of  the  earth 
not  inhabited  by  civilized  man. 
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Hie  fireqiieiicy  of  eaithquakee,  and  especially  their  frequency  in 
particiilar  districts,  and  the  nndulatoiy  motion  by  which  they  are  often 
accompanied^  which  has  been  described  as  producing  a  sickening  feel- 
ing, as  if  the  land  were  but  thin  ice  over  heaving  water,  proves  to  us 
the*  instability  of  the  earth's  crust 

The  fact  that  all  our  present  lands  were  formed  beneath  the  sea  is, 
if  we  admit  that  the  sea-level  is  practically  invariable,  perfect  demon- 
stration of  elevation  having  taken  place.  It  is  not  so  easy  to  prove  the 
ffict  of  depression,  since  the  very  act  of  the  sinking  of  land  below  water 
takes  it  out  of  the  reach  of  our  observation. 

Ikprtidon  prtnfed  by  Coral  Reefs, — The  great  coral  reef  AtoUs  and 
Barriers,  however,  here  come  to  our  aid,  since  Darwin  has  long  ago 
ahewn  that  their  form  and  bulk  are  only  explicable  on  the  supposition 
of  a  slow  and  gradual  depression  of  the  ocean  bed  from  which  they  rise. 

The  species  of  coral  which  produce  great  reefs  can  only  live  in 
shallow  water,  where  the  heat  and  light  are  both  vivid,  and  where  the 
motion  and  play  of  the  waves  are  rapid  and  continuous.  Qreat  wall- 
uded  Atolls  and  Barriers,  then,  rising  from  depths  of  2000  feet,  must 
have  commenced  their  growth  in  shallow  water,  and  continued  it 
upwards,  at  such  a  rate  as  to  have  always  kept  their  living  aurface  near 
to  the  surface  of  the  ocean,  while  the  rock  base  on  wliich  they  rested 
gradually  subsided  beneath  it. 

Fringing  reefs  are  those  growing  along  the  margin  of  a  rocky  shore. 
If  the  land,  which  has  always  a  general  inclination  from  the  interior 
towards  the  shore,  should  be  depressed,  the  sea  will  flow  farther  in 
over  it  than  before,  and  the  new  shore  will  be  further  and  further  from 
the  outer  edge  of  the  reef  as  the  depression  is  continued.  But  the  outer 
edge  of  the  reef  will  nearly  maintain  its  place,  because  it  grows  verti- 
cally, or  nearly  vertically,  upwards,  so  that  eventually  there  will  be  a 
channel  of  water  between  the  outer  edge  of  the  reef  and  the  land, 
which  channel  will  be  wider  in  proportion  an  the  slojie  of  the  old  land 
was  gradual 

In  this  way  a  Fringing  reef  becomes  converted  into  a  Barrier  reef. 
If  the  Barrier  reef  entirely  surround  an  island,  and  the  depression 
be  continued  until  the  whole  of  that  island  t^ink  beneath  the  sea,  the 
Barrier  reef  will  then  no  longer  have  any  land  to  circle  round,  and 
will  pass  into  an  Atoll  or  ring  of  coral  reef,  with  or  without  islets  of 
coral  sand  heaped  upon  the  coral  rock,  which  gradually  become  clothed 
with  vegetation,  and  ultimately,  perhapn,  the  home  of  man. 

The  great  Barrier  reef  running  along  the  north-east  coast  of  Aus- 
tralia resembles  in  outline  a  line  of  soundings  such  as  are  often  marked 
in  charts,  receding  from  the  present  shore,  where  that  is  low,  or  where 
the  slope  of  the  subjacent  rock  is  gradual,  and  a])proachiiig  to  it  where 
the  land  is  lofty  and  steep,  and  the  submarine  slope  then>fore  rapid. 
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It  marks  tbcn,  with  very  approximate  accnncy,  the  limits  of  tlie  land 
of  Australia  as  it  existed  when  the  corala  first  settled  gn  its  shore  as  u 
flinging  reef,  and  proves  to  «8  the  fact  that  that  old  land  was  onc« 
higher  above  the  water,  and  its  coast,  therefore,  farther  out  to  sea  than 
at  present.  * 

Tao  Model  of  Action  in  Forca  of  Diaturhance.  —  The  internal 
foice  which  produces  this  elevation  and  depression  of  the  surface  of  tht- 
earth  acts  apparently  in  two  ways,  broadly  and  equably,  or  with  local 
intensity. 

When  it  acts  broadly  and  equably,  the  motion  seems  to  be  insensible 
and  nnaccompanied  by  earthquakes,  and  great  tracts  seem  to  be  lifteil 
OF  depressed  bodily,  without  any  change  in  the  external  surface,  and 
without  any  distarfaance,  so  for  as  we  can  see,  in  the  interior. 

When  it  acts  with  local  intensity,  either  along  lines  or  upon  points, 
it  is  probably  always  accompanied  by  earthquakes,  and  produces  distur- 
bance and  dislocation  in  the  parte  acted  on,  causing  the  cunt«rtions  and 
faults  that  will  be  presently  treated  of,  and  tilt«  the  beds  into  those 
highly  inclined  positions  which  we  see  about  mountain  chains. 

We  shall  see  reason  to  believe  that  these  great  disturbaneea  are 
always  produced  at  some  depth  in  the  earth's  crust,  and  that  their  most 
marked  effects  only  appear  at  the  surface  when  they  are  exposed  by 
denudation  after  being  brought  up  by  a  subsequent  broad  and  equable 
elevation. 

It  is,  however,  quite  possible  that  the  two  kinds  of  motion  are  oflen 
conjoined,  and  that  the  convulsive  action  on  deeply  subterranean  lines 
or  points  may  be  combined  with  widely-spread  elevation  or  depression. 


CHAPTER  XII. 

INCLINATION  OF  BEDS. 

l%e  Dip  and  Strike  of  Bed9, — ^The  inclination  of  beds  downwards 
into  the  eaiih  is  technically  caUed  their  ^  dip.**  It  is  measured  by  the 
angle  between  the  plane  of  the  beds  and  the  plane  of  the  horizon.  In 
fig.  28  the  beds  dip  to  the  south  at  an  angle  increasing  from  35^  to 
50*.  When  we  speak  of  the  opposite  of  **  dip,**  we  use  the  term  ^  rise.** 
For  instance,  in  fig.  28  the  beds  dip  to  the  south,  and  rise  to  the  north. 
The  place  where  each  bed  rises  out  to  the  surface  of  the  ground  is 
called  its  "outcrop"  or  "basset"  We  say  that  such  and  such  beds 
"  crop  out"  to  the  surfeice,  and  wo  speak  of  the  "basset"  edges  of  the 
beds.  Miners  use  these  and  other  terms,  such  as  "  coming  out  to  the 
day,"  "  rising  up  to  the  grass,"  when  speaking  of  the  "  outcrop"  of  any 
bed  or  beds.  The  line  at  right  angles  to  the  di]),  that  is,  the  line  of 
outcrop  of  a  bed  along  a  level  surface,  is  called  its  "  strike,"  a  term 
introduced  from  the  German  by  Professor  Sedgwick.  It  is  described  by 
its  line  of  compass  bearing,  either  true  or  magnetic*  Coal  miners  com- 
monly speak  of  this  as  the  "  level  bearing"  of  a  bed,  seeing  that  if  you 
draw  a  line  or  drive  a  gallery  along  a  bed  exactly  at  right  angles  to  \U  line 
of  dip  or  inclination,  it  must  of  necessity  be  on  a  tnie  level  or  have  no 
inclination  either  way.  It  must  be  recollected  that  the  true  strike  of  a 
bed  will  coincide  with  its  line  of  outcrop  along  the  surface  of  the  groimd 
only  when  that  surface  is  horizontal  If  the  surface  be  highly  inclined, 
the  outcrop  of  the  bed  along  that  surface  will  dei>art  from  tJtie  true  strike 
in  proportion  to  the  inclination  of  the  surface,  imtil  it  coincide  with  the 
dip  when  the  surface  becomes  peri)endicular. 

If,  then,  a  bed  "dips"  due  north  or  due  south,  its  " strike"  will  be 
due  east  and  west  If  we  know  the  direction  of  the  "dip"  of  a  bed, 
accordingly,  we  also  know  the  exact  bearing  of  its  "  strike  ;"  but  if  we 
only  know  the  strike,  we  do  not  necessarily  learn  either  the  directi(m 
or  amount  of  its  "  dip,"  l)ecau8e  it  may  incline  to  either  side  of  the  line 
of  strike,  and  to  any  amount  from  the  horizontal  plane.  In  making 
observations,  then,  in  field  geology,  it  is  most  inii>ortant  to  observe 

*  Ocologistfl  generally  nse  true  compass  bearings,  a  practice  that  onght  to  he  adopted 
onirenally  in  all  land  operations. 

L  2 
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accunitely  tlic  direction  of  the  dip  of  all  etntifled  rocke.  It  is  aleo 
important  to  know  its  amount ;  IJut  this  need  not  be  obierred  witii 
Buch  minute  accuracy,  since  it  is 
apt  to  vary  jMntinufllly  to  the 
amonnt  of  3"  or  4°. 

Qeological  Sectimi  and  Map. 
— In  order  to,  miike  the  ex- 
planation mote  clear,  let  figs. 
29  and  28  be  a  rough  map,  and 
a  section  across  it,  of  a  supposed 
piece  of  ground  near  the  shore, 
and  let  them  both  be  drawn  on 
a  scale  of  about  100  yards  (or 
300  feet)  to  the  inch.  In  the 
map,  fig.  29,  let  A  A  be  a  rocky 
beach,  exposed  at  low  water ; 
B  B  a  line  of  cliff  about  1 00  feet 
in  height  ;  and  C  C  the  surface 
of  a  country  above  the  cliff,  with 
the  rock  exposed  in  several 
places,  either  on  the  summits  of 
eminences  or  the  bottoms  of 
quarries.  The  arrows  will  point 
out  the  direction  of  the  dip,  the 
figures  shewing  its  amount 
This  amount  increases  hom.  3&° 
on  the  north  to  50°  on  the  south, 


.e  this 


to  he  quite  gradual,  or  that  the 

beds  ore  parts  of  curves,  and  not 

of     perfectly     straight     planes. 

Then  let  D  D  be  a  line  of  sec- 

tion,    or    supposed   cutting,   at 

right  angles  to  the  strike  of  the 

bb-ds,    and  let  this  section   (fig. 

28)  be  drawn  so  as  to  give  the 

true  outline  of  the  ground  across 

which  it  passes,  and  represent 

Verticil     ti       ""■  "*  the  beds  in  the   true   position 

'  Fig.  !»    "'      '"  ""^  '"*''    '''^y  '""old  be  seen  to  occnpjr 

were  such  a  cutting  or  cliff  really 

formed.     Being  drawn  at  right  angles  to  the  strike,  it  nms  of  course 

along  the  line  of  the  direcUon  of  the  dip  and  its  bearing,  as  here  drawn, 

IS  about  28°  west  of  north,  and  east  of  south.     The  latter,  then,  is  the 
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dutetion  of  die  dip.    The  beaiing  of  the  strike  will  coiueqnentlj  be 
S8**  north  of  cut  if  we  look  in  one  direction,  SS"  wuth  of  vest  if  Ve 


look  in  the  other.    In  such  a  locality  as  this,  if  we  marked  out  the 
bounduies  of  tlie  beds  correctly  on  our  map,  we  should  ftel  sure  of  the 
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correctness  not  only  of  the  map,  but  of  the  section,  and  we  should  know 
the  position  of  the  beds  not  only  above  the  level  of  the  sea,  but  for  a 
considerable  distance  below  it.  If,  for  instance,  at  the  point  d  in  the 
map  we  wished  to  determine  the  vertical  depth  of  the  bed  6,  we  should 
see  at  once,  by  constructing  the  section,  that  the  depth  of  h  under  d 
would  be,  according  to  the  scale,  rather  more  than  425  feet.  If  we 
wished  to  reach  the  bed  a  in  the  same  way,  it  would  be  easy,  either  by 
construction  or  calculation,  to  ascertain  the  depth  at  which  it  would  be 
found  in  a  perpendicular  shaft  imder  d. 

It  would  be  easy  for  us  also  to  ascertain  the  total  actual  thickness 
of  the  whole  set  of  beds  shewn  on  the  map,  either  by  actual  measure- 
ment of  each  bed  along  the  shore,  or  by  constructing  a  section  foimded 
on  the  obsei'vation  of  their  angle  of  dip  and  the  width  of  their  outcrop. 
The  actual  thickness  of  the  beds  cut  by  the  sea-level  line  in  the  section 
%.  28,  for  instance,  would  be  a  little  over  850  feet  That  is  to  say, 
those  beds,  if  they  were  horizontal,  would  be  850  feet  from  top  to 
bottom  ;  if  they  were  vertical,  it  would  be  850  feet  directly  across 
them  ;  while  in  their  present  inclined  position,  a  horizontal  line  across 
their  outcrop  measures  1200  feet.  In  the  Appendix  will  be  found  a 
table  which  will  give  either  the  depth  of  any  particular  bed,  or  the 
thickness  of  a  group  of  beds  when  the  angle  of  their  dip  and  the  width 
of  their  outcrop  is  known. 

If  wc  proceeded  to  trace  those  beds  into  the  country  along  their 
strike^  however  much  the  direction  of  the  strike  or  the  angle,  of  the  dip 
luight  vary,  or  however  they  might  be  concealed  by  grass,  soil,  or  super- 
ficial covering,  we  should  always  have  to  recollect  that  there  was  a 
thickness  of  850  feet  of  beds  to  be  found  or  allowed  for  somewhere  ; 
and  if  we  came  to  a  quarry  or  a  cutting  where  the  bed  jp,  for  instance, 
was  shewn,  and  we  were  able  certainly  to  identify  it,  we  should  expect 
there  to  find  all  the  other  beds  above  and  below  it  that  we  had  found 
above  and  below  it  where  they  were  clearly  exhibited.  We  should  feel 
sure  we  were  right  in  this,  if  in  the  expected  spots,  at  the  requisite 
distance  on  either  side  of  it,  we  found  one  or  more  of  the  beds  a,  i,  or 
<?,  shewn  in  other  quarries,  or  cuttings,  or  clifls  in  the  neighbourhood.* 
It  is  in  this  way,  by  getting  a  knowledge  of  the  true  section  of  a  series 
or  group  of  beds  where  they  are  well  exhibited,  and  following  them 
across  a  country,  picking  out  one  of  them  here,  and  another  of  them 
there,  in  ditches,  brooks,  river  banks,  cliffs  or  ravines,  wells,  mines, 
road  or  railway  cuttings,  and  quarries,  that  geological  maps  are  con- 
structed, shewing  the  boundaries  of  the  several  groups  of  rock,  their 

• 
*  In  diagram  fig.  20,  the  supposed  qaanies  or  exposures  of  rock  in  the  interior  of  the 

country  are  thickly  grouped  together ;  hut  if  the  reader  will  imagine  them  separated  by 

much  wider  intervals,  and  scattered  over  a  fkr  lai^r  space,  he  will  have  a  truer  notion  of 

what  usually  occurs  in  nature. 
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range  or  strike  across  a  countiy,  and  the  area  of  surface  they  occupy 
with  their  outcrops  or  "baseet  edges." 

CoHtortioni. — Where  the  dip  and  strike  of  the  rocks  are  very 
steady,  or  where  they  nm  in  nearly  straight  lines  across  a  conntiy,  and 
their  edges  are  not  t<>0  much  concealed  by  superficial  covering,  the  task 
first  mentioDed  is  one  of  no  great  dilficulty.  In  many  instances,  how- 
ever, neither  the  dip  nor  the  strike  of  a  set  of  beds  remnina  constant 
over  any  considerable  ripaces.  The  beds  are  bent  and  contorted,  and 
twisted  about,  so  that,  instead  of  rtinning  in  straight  lines,  the  bag!<et 
edges,  or  outcrops  of  any  set  of  beds,  follow  crooked  and  curved  lines, 
often  doubling  back  and  running  altogether  out  of  their  former  course. 
Moreover,  after  dipping  down  in  a  certain  direction  for  some  distance, 
such  beda  are  frequently  curved  up  again,  and  rise  to  the  surface  at 
some  other  locality,  forming  basin  or  trough-shaped  hollows  ;  or  again, 
after  cropping  out  to  the  surface,  the  beds  underneath  them  are  bent 
over  in  a  lidge-like  form,  so  that  the  first  beds  come  in  and  take  the 
ground  again,  dipping  in  an  opposite  direction. 

These  bendinga  of  the  beds  occur  on  every  possible  scale,  from  mere 
little  local  cnimpliugs  on  the  side  of  a  bank,  tu  curves  of  which  the 
radii  are  miles,  and  the  nuclei  are  mountain  chains.  Wlien  on  the 
small  scale,  they  are  commonly  called  " 


Sketch  of  acUI  on  the 


Did  Hud  of  Kinule,  by  Mr.  O.  V.  Da  Nuy er. 


Beds  of  the  hardest  stoue,  such  as  compact  or  crj-stalline  limestone, 
and  hard  siliceous  gritstone  are  iu  some  cases  bent  into  curves  of  the 
most  wonderful  regularity,  so  as  to  look  like  artificial  masonry,  or  n 
series  of  arches  and  troughs  built  fur  some  inexplicable  purpose. 

More  usually,  however,  there  is  a  good  deal  of  irregularity  in  the 
curves,  and  this  is  especially  the  cose  when  the  beds  acted  on  consist  of 
alternations  of  different  texture  and  composition. 

The  sketch,  fig.  31,  represents  part  of  a  series  of  contortions  in  the 
Caiboniferoiui  limestone  of  the  County  Dublin,  as  they  may  be  seen  on 
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the  shore   of  LouRhshiimy,   between   Rush  and  Skerries.      In   this 
locality  they  may  be  studied  not  only  in  section  in  the  diffii,  but  in 


Bkclch  of  conloctiona  fn 


ihalea,  LongtuliloDr, 


plan  on  the  shore  at  low  water,  anil  some  of  them  may  be  observed 
partly  ia  section  and  partly  in  plan,  which  makes  the  locality  an 
exceedingly  interesting  one. 

The  ridded  and  troughs  form  long  ovals,  the  riilgea,  like  inverted 
boats  half  shewn  through  a  succession  of  planks  wrapping  round  them, 
the  troughs  like  a,  series  of  broken  boats  of  less  and  less  size,  placed 
inside  each  other  like  a  nest  of  boxes.  These  oval  ridges  and  troughs 
succeed  and  replace  each  other  in  all  directions,  and  where  the  one 
passes  into  the  other,  the  cnunpUng  has  been  sometimes  so  great,  and 
the  squeezing  so  severe,  that  it  is  impossible  to  trace  any  bed,  or  even 
any  two  or  three  beds  through  the  contortion. 

It  will  be  seen  that  in  some  parts  of  the  sketch  the  dark  shale  beds 
are  vrider  than  at  others,  the  soft  shales  having  been  squeezed  out  from 
between  the  limestones  at  one  place,  so  as  to  form  "  pocketa  "  at  another. 
This  sometimes  happens  on  a  still  larger  scale,  with  violently  contorted 
beds.  Ill  the  collieries  near  Kanturk,  County  Cork,  the  culm  and 
anthracite  beds  there,  wliich  were  originally  perhaps  2  or  3  feet  thick, 
expand  in  some  places  to  a  width  of  20  or  30  feet,  while  at  others 
they  dwindle  down  to  a  single  inch.  The  same  thing  seems  to  occur 
with  the  seam  of  anthracite,  in  the  Lower  Silurian  beds  near  Upper 
Church,  County  Tippenuy,  and  at  Kilnaleck  in  tie  County  of  Cavan. 
(See  Explanation  of  sheets  14&,  163,  and  175,  QeoL  Surv.,  Ireland, 
description  by  Messrs.  Q.  H.  Kinahan  and  A.  B.  Wynne. 
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Similar  instanoeB  may  Bometimes  be  seen  among  distuibed  rocks 
of  the  sadden  thickenhig  and  thinning  of  argillaceoos  beds,  due  not 
so  mneh  to  irregularities  of  deposition  as  to  subsequent  squeezing; 

Yeiy  curious  and  almost  inexplicable  contortions  may  be  seen 
oecadonallyy  but  we  must  recoUect  that  the  conditions  under  which 
they  were  produced  were  such  as  it  is  not  often  possible  for  us  to 
imitate,  nor  easy  even  to  imagine.  When  the  rocks  were  thus  con- 
tortedy  they  were  buried  under  vast  thicknesses,  often  many  thousands 
of  leety  of  other  rock ;  the  rocks  above  and  below  them  were  also  of 
unequal  densities,  and  offering  unequal  resistances  to  force ;  the  forces 
of  disturbance,  therefore,  even  if  unifonn  in  their  origin,  would  become 
complicated  in  direction,  and  unequal  in  intensity,  by  reason  of  these 
inequalities  in  the  structure  and  position  of  the  rocks,  and  inequalities 
in  the  pressure  of  the  superincumbent  masses. 

Rq>etitumi  of  dittwrbin^  aetwiu — ^Another  source  of  confusion  is 
the  repetition  of  a  dbturbing  action  upon  rocks  already  disturbed,  the 
subsequent  forces  acting  periiaps  in  directions  different  from  the  early 
ones.  In  Ireland  it  can  be  shewn  that  the  Cambrian  rocks  were  greatly 
disturbed  and  contorted  before  the  deposition  of  the  Lower  Silurian,  that 
the  Lower  Silurian  formation  had  in  like  manner  suffered  before  the 
deposition  of  the  Carboniferous,  and  that  the  Carboniferous  had  itself 
been  greatly  disturbed  and  often  highly  contorted.  It  is  reasonable 
therefore  to  expect,  what  \a  found  to  be  the  fact,  that  the  beds  of  the 
Cambrian  rocks  are  in  some  places  twisted  into  a  confusion  of  curves 
and  knots,  which  it  is  now  a  quite  hopeless  task  to  endeavour  to 
imravel. 

Anti'duial  and  Synclinal  Curves, — ^When  the  curves  of  the  rocks 
are  of  greater  extent,  we  cease  to  speak  of  them  as  mere  "  contortions." 
If  the  curves  have  longly-extendcd  axes,  that  is  to  say,  if  the  beds  are 
bent  up  into  ridges,  or  doi^-n  into  troughs,  which  continue  for  consider- 
able lengths,  in  projwrtion  to  their  widths,  we  speak  of  them  as 
"  anticlinal "  and  "  synclinal "  curves.  If,  on  the  contrary,  no  diameter 
of  the  curved  area  be  much  longer  than  another,  we  call  them  either 
dome -shaped  elevations,  or  basin -shaped  depressions,  as  the  case 
may  be. 

In  tig.  32,  A  is  an  anticlinal,  and  B  is  a  synclinal  curve,  the  beds 
numbered  6,  7,  8,  being  repeated  on  each  side  of  both.  At  A,  the 
lower  beds,  1,  2,  3,  4,  5,  are  seen  rising  out  from  underneath  them  in 
the  form  of  an  arch.  At  B,  the  upper  beds,  9  to  13,  repose  upon  them 
in  the  form  of  a  trough.  It  matters  not  whether  we  suppose  the  spaces, 
1,  2,  3,  etc.,  to  represent  single  beds,  and  the  hill  at  A  a  slight  eleva- 
tion, or  whether  they  be  taken  as  groups  of  beds,  and  A  be  supposed  to 
be  a  mountain  chain. 

The  straight  line  which  may  be  supposed  to  run  directly  from  the 
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eye  of  the  spectator  along  the  top  of  the  ridge  A,  or  the  bottom  of  the 
trough  B,  IB  called  the  "  axia  "  of  the  curve  in  each  ca«e.  This  axis 
niny  lie  eitlicr  liurizonlal  or  inclined  ;  if  horizontal,  the  sectiun  across  it 


Fig.  SI 

will  cut  the  same  beJs  whetever  it  be  taken,  the  v 
line  only  resulting  from  those  in  the  outline  of  the  ground.  U,  how- 
ever, the  axis  be  inclined,  diifureiit  sections  will  cut  different  beds,  even 
should  the  outline  of  the  ground  remain  the  Bamc.  This  is  shewn  at 
fig,  33,  which  is  a  supposed  plnn  of  the  ground  of  which  fig.  32   is  a 


Plan  or  UuduUtlng  Beda 
section,  in  which  the  aies,  A  A'  and  B  B',  are  supposed  to  incline 
downwards  to  the  north,  or  from  the  line  of  section  C  D,  to  the  other 
end  of  the  mop,  as  shewn  by  the  arrows,  it  is  obvious  that  the  bed  4, 
which  forma  the  apex  of  the  ridge  in  the  section,  will  slope  downwanis 
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■long  tlie  inclined  axis,  and  if  the  ridge  of  the  bill  be  Icept  up  to  the 
tame  height,  the  beds  6,  6,  7,  8,  will  neceasarily  arch  over  it  In  the 
BKine  iray,  if  the  aynclinal  axis  B  B'  elope  in  the  eame  tlireclion,  there 
muit  either  be  a  coneaponding  elope  and  hollow  in  the  sur&tce  of  the 
giotmd,  or  fresh  beds,  14,  IB,  16,  etc.,  muet  come  in,  resting  in  the 
hollow  of  13.    So  thkt,  if  we  make  another  section,  aa  in  fig.  34,  along 


SMlionmlongi 


betvHD  a  uul  IL 


ft  line  between  G  H  for  inBtance  in  fig.  33,  the  ridge  of  the  anticlinal 
A  A>  B-ill  be  formed  by  the  bed  7  instead  of  4,  idl  the  bods  below  7 
hu%-ing  auccessively  sunk  benenth  thu  aiirface,  and  the  bed  16  will 
fonii  the  hollow  of  tlie  Ej-nclinol  B  B',  the  biMl  13  l>cing  now  at  a 
tonaidcrable  depth  below  it,  and  cropping  out  nt  some  ilistance  on 
either  Hide. 

Large  anticlinal  and  synclinal  curvea  have  often  minor  iindnlationB 


;k  aectleTi,  to  >taew  m^i 


on  their  flaaka,  as  su^eeted  in  fig,  35,  where  the  letters  a  and  6  ahew 
the  main  anticlinal  and  synclinal,  with  smaller  onea  on  each  aide. 

These  minor  undulations  may  be  likened  to  ripplea  or  leaser  wavea 
riding  on  the  back  of  the  larger  swell  of  the  ocean.  They  are  especially 
remarkable  in  some  of  the  large  anticlinal^  in  the  south-west  of  Ireland. 

It  will  be  readily  underatood  that  euch  complication  of  forms  as 
these  necessitate  great  labour  in  luaklng  an  accurate  map  of  the  country, 
more  especially  where  the  ground   is  itaelf  lofty  nnd  broken,  and 
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often  difficult  to  traverse,  while  the  subterraneau  complication  is  only 
partially  revealetl  by  occasional  exi)oeiire8  here  and  there  at  the  sur- 
face. 

The  axes,  or  imaginary  central  lines  of  anticlinal  and  synclinal 
curx'es,  are  sometimes  long  and  steady,  and  the  curves  themselves  apjKir 
reiitly  endless  in  length,  sometimes  the  axes  are  short  and  interrupte<i 
when  the  anticlinals  and  synclinals  shrink  into  short  oval  ridges  and 
troughs,  like  those  mentioned  at  p.  238,  and  these  again  pass  into  strictl}' 
dome-shiiped  elevations  and  basin-shaiJed  depreijsions,  when  the  axes  Ixi- 
come  mere  [>oint8  or  centres,  from  or  towards  which  the  beds  have  what 
is  calleil  a  qiut  qud  vtrsal  dip  or  inclination  on  all  si<les.  When  the 
axes  of  the  cur\'es  are  short  and  interrupted,  the  curves  themselves  are, 
as  might  be  expected,  irregular,  so  that  an  anticlinal  j>resse8  into  a  syn- 
clinal along  the  same  line  of  strike,  and  vice  rersd. 

Tlie  axis  of  an  anticlinal  or  synclimU  cune  may  run  either  in  the 
direction  of  the  general  dip  of  the  beds,  or,  i\»  is  most  usual,  in  that  of 
the  strike,  or  intenuediate  between  the  two,  priKlucing  one  or  two  Unjal 
flexures  in  the  beds,  independently  of  their  general  inclination. 

Unicliiuil  Curves, — Tliis  tenn,  first  usetl,  ho  far  as  I  am  awan% 
by  Mr.  Darwin,  in  his  Geology  of  South  America,  may  be  useful  some- 
times to  designate  a  single  fold  ui  rocks,  \^'ithout  any  answering  counter- 
fold  in  any  direction.  If,  for  instance,  a  set  of  horizontal  beds  suddenly 
curve  do\^'n  or  up  into  a  vertical  or  nearly  verticid  position,  and  either 
c»»ntinue  highly  inclined  or  merely  jmss  back  tigain  into  their  original 
horizontal ity,  without  rising  or  falling  by  a  corresiK>nding  curve,  we 
may  ciiU  it  a  miiclinal  cur\'e. 

In  the  Isle  of  Wight,  fur  instance,  the  beds  are  horizontal  at  the 
southern  end  of  the  island,  suddenly  dip  in  the  middle  of  it  vertic4illy 
or  nearly  so,  to  the  north,  and  then  rather  quickly  recover  their  hori- 
zontality  at  the  noi-them  end  of  the  island.  Tliis  uniclinal  curve  causes 
the  beds  which  aip  the  hills  in  the  south  to  l>e  deep  below  those  fonn- 
ing  the  low  gnumd  in  the  north  of  the  islanit 

Some  magnificent  examples  of  luiiclinal  cur\'es  may  be  seen  along  the 
cliifs  near  Loop  Head,  County  Clare.  The  l)eds  there  are  hard  grits  and 
iudurate<l  slaty  shides  belonging  to  the  Coal-measures.  In  many  places 
tliey  are  horizontid,  or  nearly  so,  while  in  others  they  are  variously  cm^'eil, 
the  anticlinals  sometimes  eroded  by  the  sea  below  so  as  to  form  natural 
arches  and  bridges,  one  example  of  which  is  well  kno^ni  as  the  Bridges 
ol  Ross.  In  two  or  three  instances,  however,  horizontid  beds  are  sud- 
denly bent  for  a  short  space  by  imiclinal  cun'es  into  the  vertical  posi- 
tion, and  then  inmiediately  bent  back  again  into  the  horizontal  The 
axes  of  these  cur\'es  strike  nearly  with  the  coast,  so  that  great  areas  of 
the  surface  of  a  bed  are  sometimes  8he^\^l  in  th(i  clitfe.  One  of  these 
is  one  or  two  hunrlred  yards  long  and  two  hundred  feet  in  height. 


INVEB8I0N.  243 

Hitd.  Ur.  Hetiiy  Kcane,  oil  whote  piopert;  it  is,  has  had  one  of  tlie  pro- 
jecting crags  Dear  it  walled  round,  bo  that  it  may  be  viewed  in  safety. 
Ab  the  Bmooth  nearly  vertical  niriace  of  the  bed  nudnlatea  aliRhtlf, 
It  might  be  taken  for  the  side  of  some  mighty  ship  rising  out  of  the 
boiling  vaxt  below. 

hmermon  of  bedt. — Hiese  flezurea  are  in  tome  instances  carried 
out  wo  &r,  both  on  the  lai^  and  amall  scale,  as  to  produce  actual 
a  (see  fig.  36)  nf  the  bedn,  so  that  the  lower  surfaces  appear  in 

e  places  to  be  the  upper  oiten. 


This  inversion  nuy ,  in  sume  casea,  Miiong  highly  contorted  beds,  be 
actually  seen  in  the  diffi,  as  in  some  parte  of  the  Alps,  where  the  beds 
luay  be  observed  bent  into  the  form  nf  S's  or  Z's,  in  tlie  precipitiius 
sideri  of  the  monntains.  In  other  cases  it  requires  a  more  widely 
extended  observation,  in  order  to  shew  that  tho  apparent  order  of  super- 
]HMition  of  any  set  of  beds,  in  any  particular  locality,  is  the  inverse  df 
that  order  which  is  to  be  observed  generally,  and  where  the  beds  are 
uudiHtuTl>eiL 

Inversion  of  beds  in  nccosioimlly  tii  l>e  detected  by  inimns  of  the 
"  ripple,"  or  "  current  mark,"  or  other  structure  pnxluced  on  the  siufact; 
of  beds,  when  the  peculiarities  in  the  forms  of  those  mnrks  ore  of  such 
a  kind  as  that  a  "  wift "  of  them  shall  be  plainly  distinguishable  fnmi 
the  original  form.  In  these  uoses  the  "  cast "  may  ^metimes  bt;  i^en 
on  the  now  upper  surface  of  n  bed,  dipping  under  what  appears  to  lie 
Uie  bottom  of  the  superincumbent  beil,  but  which  was  originally  the 
really  upper  surface  or  "  monld "  on  which  the  materials  were  dejiosited 
that  formed  the  "  cast"  at  the  bottom  of  the  succeeding  bed. 

llie  inversioa  of  beds  is  occaaioually  observed  in  coal  mining,  as  in 
Belgium  and  the  south-west  of  Ireland,  where  beds  of  coal  are  some- 
tiiiieH  found  with  the  "  coal-seat"  u]ipermost,  and  the  "  coal  roof"  uuder- 
uiost.  In  a  disturbed  part  of  the  South  ataffunlshite  coal-field,  the 
Rinie  bed  of  coal  wa«  passed  through  three  times  in  the  same  vi>rtiral 
shaft,  flntt  in  its  right  position,  then  inverted,  and  then  a^-nin  right  siib 
uppermtiiit.  It  must  occordiugly  linve  been  bent  into  the  shu;>e  of  thi- 
letter  S  or  Z. 
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We  shall  see  preeentljr  tlmt  no  mere  "  fault"  can  tliiu  bring  part  of 
the  same  bed  twice  into  a  vertical  Bhaft. 

ArUtiaii  WdU. — The  artificial  wells  known  aa  Arledan,  from  their 
fiist  being  used  ia  the  province  of  Artois,  aie  possible  ouljr  in  those 
districts  where  the  rocks  have  been  bent  into  a  basin-ahaped  curve. 
If  a  series  of  beds,  Bome  of  which  arc  pocotiB,  either  in  consequenc*  of 
their  open  grain,  or  the  joints  which  traverse  them,  while  others  are 
impervious  to  water,  be  bent  into  the  form  of  a  basin  with  a  quaqua- 
versai  dip  towards  a  central  jiart,  and  the  porous  beds  ri*e  into  higher 
groond  than  that  central  part,  tLen  the  rain  that  falls  on  their  out- 
crop  will  partly  sink  down  along  them  beneath  the  impen-ious  covering 
until  a  basin-shaped  sheet  of  water  be  accumulated  below,  as  in  the 
shaded  part  of  fig.  37.  This  water  will  completely  saturate  the  porous 
bed  up  to  a  certjiin  level,  as  L  L  for  instance,  but  will  be  prevented 
from  ri^g  to  the  surface  in  consequence  of  the  impervioua  bed  or 
beds  ni  m  above  it. 

If  that  impervious  downward-curved  bed  be  pierced  by  a  bore-hole, 
the  water  will  rise  in  that  hole  to  the  level  L  L,  and  this  ia  in  some 
cases  above  the  level  of  the  surface  of  the  ground  in  the  low  central 
rt^on,  as  represented  in  fig.  37. 


tHaetsmniitic  Milion  of  idintrict 
In  this  diagram  the  porous  bedsare  indicated  by  the  letteta  PP,  and  the 
impervious  beds  by  the  letters  mm.  If  then  the  weUs  WWW  be  sunk 
through  the  upper  impervious  beds,  the  water  will  rise  in  them,  either 
on  to  the  surface  with  a  jet  os  in  the  central  weU,  up  to  the  surface  as 
in  the  one  on  the  right  hand,  or  up  to  the  water-level  LL  in  the  one  on 
the  left  hand,  that  water-level  l.eing  the  height  to  which  the  beds  PP 
Me  supposed  to  1«  saturated  with  water  from  the  rain  fallinir  on  the 
hiyh  ground  H  H.  —— ,,  vu  uic 

water  ^U  ^""^fT'v'^''  *'  "'"'^  ^^  "^J  «I««  Jo™*",  the 
ttT^      '  ^^"^  "^"^  ^«  «^«  fo'  the  water  to  riae  in 
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It  maj  easilj  be  conceived,  that  the  foice  which  was  sufficient  to  nuse 
vast  masses  of  solid  rock,  of  unknown  but  immense  thickness,  from 
beneath  the  bottom  of  the  sea  high  into  the  air  in  order  to  form  the  dry 
land,  and  to  bend  them  into  the  folds  and  contortions  that  have  been 
just  described,  was  also  sufficient  to  crack  and  break  them  through.  We 
find,  accordingly,  very  frequent  instances  of  cracks  and  fissures  running 
through  great  thicknesses  of  rock.  Sometimes  these  are  mere  fissures ; 
but  quite  as  frequently  there  is  not  only  a  severance  but  a  displacement 
of  the  rocks  that  have  been  severed.  Beds  that  were  once  continuous 
are  now  not  only  broken  through,  but  are  left  at  very  different  levels 
ou  opposite  sides  of  the  fissure — ^many  feet,  or  many  hundreds  of  feet 
al>ove  or  below  the  parts  with  which  they  were  once  continuous.  When 
this  is  the  case,  these  fractures  are  called  ^  faults  '^  or  ''  dislocations  ^ 
by  geologists,  for  which  miners  in  different  districts  use  in  addition  the 
tenns  "  slip,"  "  sHde,"  "  heave,"  "  dyke,"  "  thing,"  «  throw,''  «  trouble," 
"  check,"  and  other  expressions. 

The  throw  of  a  Fault, — The  amount  of  dislocation  measured  in  a 
vertical  directiorij  pro- 
duced by  a  fault,  is 
called  its  "  throw," 
a  fault  being  said  to 
be  an  "  upthrow  "  or 
a  "  downthrow,"  or 
an  "  upcast "  or 
"  downcast,"  accord- 
ing to  the  side  from 
which  we  view  it 
Its  amoimt  is  stated 
in  fathoms,  yards,  or 
feet,  measured  per- 
pendicularly from  the 
surface,  provided  the  surface  be  horizontal,  from  a  given  horizontal 
plane  if  it  be  not  If,  for  instance,  a  bed  of  coal,  where  it  is  cut  by  a 
fault,  as  at  A,  fig.  38,  be  100  yards  from  the  surface,  or  from  an  as- 


Fig.  38. 
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fluiued  huiizuntal  stratum  line  AB,  and  the  other  part  of  the  bed  imme- 
tliately  on  the  other  side  of  the  fault,  as  at  i,  he  200  yards  below  the 
line  A  B,  the  throw  of  the  fault  is  said  to  be  100  yards,  without  reganl 
to  the  distance  measured  laterally  from  A  to  B  along  the  surface,  ot 
from  a  to  b  along  the  fault. 

In  some  i>lacefl  esi)ecially,  in  cuses  where  the  outcrop  of  a  be<l  i? 
«llslocated  at  the  surface,  the  distance  A  B,  by  which  the  ends  of  the  beds 
are  seimnited,  is  c(dled  "  the  heave  '*  of  the  fault,  though  this  is  some- 
times  mwisured  along  the  faidt  from  a  to  6.  In  taking  accounts  fnim 
miners  as  to  the  characters  of  faults,  it  is  necessary  to  be  on  one's  guard, 
and  be  ({iiite  sure  that  the  sense  in  which  they  use  these  terms  is  properly 
understood.  In  some  districts  they  would  speak  of  the  tlistance  A  B, 
measured  tdong  the  surface  of  the  groimd,  or  the  horizontal  distance 
between  the  entls  of  the  beds,  as  the  "  width  "  of  the  fault.  Looking  only 
to  the  extent  of  "  barren  ground  **  as  to  that  particular  bed,  and  pacing 
no  attention  to  the  real  width  of  the  actual  fissure  itself,  which  might 
be  not  more  than  a  few  inches,  or  ixirhaps  even  not  more  than  one. 

Varieties  of  Faults. — Faults  vary  in  character  and  in  eft'ect,  firstly, 
according  to  the  nature  of  the  rock*  which  they  traverse,  whether  they 
l»e  hard  or  soft,  or  an  alternation  of  both  ;  secondly,  according  to  the 
pcjsition  of  the  beds  which  they  traverse,  whether  these  be  horizontal, 
inclined,  or  contorted  ;  thirdly,  according  to  the  direction  and  niunber 
(»f  lines  of  fmcture,  their  inclination  and  combination. 

[Variation  in  Faults  from  nature  of  Rocks  traversed, — When  faults 
traviirse  a  mass  of  rather  soft  and  yielding  beds  of  rock,  such  as  shales 
and  thin  sandstones,  the  fissures  themselves  ai-e  often  mere  planes  c»f 
division,  just  as  if  the  rock  had  been  cut  through  with  a  knife.*     In 

*  Dr.  Tyndall  in  hiH  OlacitTH  of  the  Alpn  (p.  317),  has  a  passage  describing  the  first  forma- 
tion of  a  crevtuiiiu  uiton  a  glat.'ier,  which  Heeuis  to  uto  higldy  suggestive  of  what  mniit  occur 
in  t)ie  first  fracture  of  the  n»ckH  which  makes  the  commencement  of  a  fault  After  pointing 
out  that  crevasses  always  commence  as  *'  mere  narrow  cracks  which  »>peu  ver>'  slowly  after- 
wards," he  says,  "  on  the  31»t  of  July  IHiiT,  Mr.  Hirwt  an<l  myself  having  complete*!  nut 
daj''8  work,  were  st^mdlng  togetlier  u|»on  the  glacier  du  Oeant,  when  a  loud  dull  sound  like 
tliat  produiH'd  by  a  hea\7  blow,  seemed  to  issue  frtmi  the  body  of  the  ice  underneath  the 
!qM)t  on  which  we  stood.  Tliis  was  succeeded  by  a  series  of  shari»  rejMirta,  which  were  heard 
sometimes  above  us,  sometimes  below  us,  sometimes  apjiarently  close  under  cmr  feet,  thfj 
intervals  between  the  louder  rein^rts  I)eing  tilled  by  a  l(»w  singing  noise.  We  turned  hither 
and  thither  as  the  direction  of  the  sounds  variwl ;  for  the  glacier  was  evidently  breaking 
lieneath  our  feet,  though  we  could  discern  no  tract!  ot  ni|»ture.  For  an  hour  the  sounds 
ooutinued  without  o»ir  being  able  to  discover  the  stmrce  ;  this  at  length  revealed  itself  by  a 
rush  ».f  air  bubbles  from  one  of  the  little  jx^ols  upon  the  surface  of  the  glacier,  which  wai» 
intersected  by  the  newly  formed  crevasse.  We  then  traced  it  for  some  distance  up  and 
down,  but  hanlly  at  any  place  wa«  it  sufficiently  wide  to  permit  the  blade  of  my  pen- 
knife to  enter  it.** 

I  have  olwened  a  somewhat  simihir  effect  in  the  noise  nisulting  from  the  first  crack, 
and  the  subsequent  slow  opening  of  the  fissure  when  standing  on  the  dex?k  of  a  vessel  that 
was  driven  stem  on  against  an  ice  lloe,  in  order  to  force  a  way  through  it. 

Posaibly  the  noises  heard  during  an  earthquake  may  have  a  similar  origin  in  the  cracking 
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tliifl  CHHC,  the 'two  contigiiouH  Burfacvs  of  thv  fault  are  very  freijueutly 

funnd  to  be  nuite  miuoth  ami  polUheil  by  the  eimruiijua  frk-tioii  thai 

hu  tokiia  pUce,  ]iroiluciiig  the  appeorauce  well  koown  to  gt^logiMs 

Dtuler  the  name  of  "  tJickeueiileA."     Iii  wiiuc-  casua,  n1th'>n){h  the  fracture 

aeaoA  quite  dean  anii 

Bharp,  yet  the  beds  du 

ouch  iide  are  trnversed 

by  a  great  nnml>er  of  ^ 

Hiual],  irregular,  ami 

(liacoQtiiiauiis  "  eUck- 

ennde"  iturfiiceBiBaif  a 

jarring  aiid  treninlrmii 

firindinft  nioti'in  hnd 

Ijeen  produced  in  thit 

nta«a  uf  the  beds. 

SuiuetimeH  the  beilH 
enl  abruptly  without 
iHiy     diiitortion,     Dk- 

lieeii  bL-nt  and  puliwi  cb 

extent,  an  in  fif(.  J(>. 

In  fig.  40,  th«  UiIh  K-ould  be  »uid  tn  "  riau  t'lniinU  tile  upthruw." 
.iiid  "di]i  towards  the 
diiwntlimw  ;"  and  this 
is  natoniUy  the  most  w~ 
unl  Dccarreuw,  thoujib 
I  believe  iiotinviiiiablt;, 
as  there  are  said  to  W 
iiialaiicc'R  when^  tbi- 
vc-ry  op[njeit«  uf  lhi« 
takes   idncc,    oiid    Ibe 

u  diiwnthruw  fault. 

Vllifii  faults  tRi- 
versu  very  iiani  aiid 
unyielding  n>cki>,  such 
na  thick  horl  ^rilgtonei!, 
luinl  liniestiineo,  or 
if  tliL-y  ji-uetntte  i^iet>u:<  rockij. 


iiwljf  HI  tbi]  WBlkeij  wh™  "iHTiiiji 
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such  as  granites  and  felstones,  the  fissures  are  apt  to  be  much  wider, 
and  often  very  irregular.  If  the  original  fracture  shall  have  taken 
place  not  in  one  plane,  but  so  as  to  produce  two  jagged  and  broken, 

or  uneven  and  irregular 
^^  "^         -^  surfaces,  with    cavities 

and  protuberances  as  in 
fig.  41,  and  these  two 
surfaces  slide  one  over 
the  other,  it  is  very  un- 
likely that  they  would 
ever,  unless  restored  to 
their  original  position, 
be  made  to  Jit  exactly  so 
as  to  close  again  upon 
each  other  throughout 
their  extent.  Protube- 
rance might  rest  against 
Fig.  41.  ^*"  protuberance,    or   come 

Section  of  hard  beds  cut  by  uneven  fault,  and  consequent    agamat     a     hollow    not 

large  enough,  or  not  of  the 
requisite  form,  to  receive  it,  and  thus  the  two  walls  of  the  fissure  would 
be  kept  partifJly  and  irregularly  apart,  the  fissure  being  closed  in  some 
places  and  open  in  others.  In  fig.  41,  an  uneven  fracture  having  tra- 
versed the  hard  beds  A,  B,  C,  D,  and  dislocation  taken  place,  the  result 
would  be  the  in-egiilar  fissure  E  F. 

It  is  true  that  the  grinding  process,  as  the  surfaces  moved  upon 
each,  would  often  greatly  diminish  this  irregularity,  and  in  soft  rocks 
probably  obliterate  it  ;  but  in  hard  rocks  it  is  much  more  usual  to  find 
the  irregular  openings  above  described  still  renudning. 

Where  alternations  of  hard  and  soft  beds  occur,  there  may  be  a 
combination  of  the  two  eflfects,  the  fissure  being  quite  closed  where  soft 
beds  are  brought  together,  or  even  where  soft  beds  are  brought  against 
hard,  but  more  or  less  open  where  two  hard  beds  come  in  contact. 

In  speaking  of  open  fissures,  however,  it  is  by  no  means  intended 
to  assert  tlie  frequency  of  fissures  now  open  and  empty.  They  are 
almost  invariably  filled  with  materials  either  derived  from  the  ruins  of 
the  adjacent  rocks  at  the  time  of  the  fractiu'e  occurring,  or  afterwards 
brought  into  them. 

Some  fissures,  even  in  the  most  soft  and  yielding  rocks,  have  been 
kept  open,  or  rather  the  sides  of  the  fault  kept  apart,  by  fragments  and 
debris  that  were  dragged  into  them  at  the  time  of  their  occurrence. 
Such  fragments,  often  of  large  size,  are  found  along  the  lines  of  faults 
both  vertically  and  laterally,  for  in  tracing  the  line  of  a  fault  along  the 
surface  of  the  ground,  we  often  find  lumps  and  patches  of  the  broken 
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bedi,  eren  aome  Tuda  in  diameter,  canght  bj  the  way,  and  aerring  to 
point  ont  the  diiection  of  the  fault. 

Variatioa  of  FmiiU  in  tftet  aeeordittg  to  indiaatwi  of  Bedi 
trttperted, — Am  it  ia  compaiatiTelj'  laie  to  find  beds  in  a  Btrictiy  hoii- 
sontal  poaitioii  orer  anj  coiuddemble  otea,  it  is  neceaaaiy  to  atndj  the 
dbct  of  fimlts  on  inclined  beds,  and  on  beds  with  an  inclination  yarj- 
ing  either  in  angle,  in  direction,  or  in  both.  If  any  bed  or  act  of  beda 
"etrikiiig"  in  a  giTen  direction,  and  "  dipping"  ^  a  giyen  angle,  he 
to>ken  throi^h  hj  a 
firalt,  the  effect  of  the 
vertical  "throw"  is 
to  produce  at  the  ma- 
&ce  the  appearance 
of  a  lateral  "  ahifL" 

Let  fig.  4S  be  a 
liorizontal  plan  of  the 
ontcrop  of  a  aet  of 
beda,  lA  which  we 
may  soppose  a  a  to 
be  a  limestone  inter- 
■tratified  with  sand- 
atones  and  shales, 
and  that  they  all  dip  w^  4i 

steadily  to  the  north   pi*"  "'  the  larfic*  of  incUnMi  beds,  tmiefwd  by  i  fault  which 
at  an   angle    of  S5°,  piodaca  m  .ppuent  Utenl  iliin. 

and  that  these  beds  are  troTersed  by  the  fiinlt  b  b,  causing  a  "  down- 
throw" to  the  east,  or  an  "  upthrow"  to  the  west,  wliich  is  the  same 
thing  ;  then  the  outcrop  of  the  beds  will  be  farther  south  on  the  east 
side    of    the   fault 
than  they  are    on 
the  west. 
^^'■^^^  To  render  this 

e.Saurh '''-fe^--^^ i^2h  more    evident,    let 

fig.  43  be  a  dia- 
giamnutic  section 
drawn  from  aoath 
to  north  along  the 
direction  of  the  line 
of   fault,     shewing 

Di»gniinm»U«  Mwtlon  of  Br.  31.  to  pxpliln  th«  «pp«mit  the  beds  on  both 
btmr  ahlft  nf  ui  Inclined  Iwd  along  a  horizontal  lino  nbta  It  In  sides  of  it,  and  let 
mOYBl  vtrtlcallr  acroa.  it  U,  j^fc  ^^^j  ^t  the 

limestone  a  n,  disregarding  the  other  beds.     If  we  suppose  the  port  (b) 
dropped  vertically  down  to  (e),  and  the  part  (rf)  in  the  former  continua- 
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tiou  cif  the  IhsI  down  to  (e),  it  is  clear  that  a  vertical  throw  of  the  littt 
(I  'I  (lu  one  fiile  iif  the  fault  will  place  it  in  the  position  d  d  on  the 
other  Biile  of  the  lault,  the  rusixjctive  outcrops  of  the  two  piecen  of  tlip 
sanie  l>eil  Iieing  at  the  jiresent  surface  of  the  ((round  at  the  )>oint8  h  r. 
Ill  other  wunli),  thu  ai>]iarentlj  lateral  ahift  of  the  uutcro{i  of  n  n  in  the 
]ikn,  fig.  42,  lias  been  praduc«<l  liy  the  vertical  throw  of  the  inclined 
I>eds  (111  o])[HHite  Hides  of  the  fault.  The  tij^ure  43  may  jierhajw  be 
more  readily  uiiituistoiid  if  it  lie  copiutl  on  a  Bejurate  ]>iece  of  tracing 
)ia{)cr,  luid  then  the  tracing  l>a)ier  plucol  over  the  figure,  bo  that  6  i 
nhould  coincide  with  d  h;  if  then  the  piece  of  jiiiper  Ix!  moved  verli- 
enll}'  ilown  the  pnj^,  keepiiiK  the  dottc^l  lines  d  c  and  h  e  on  the 
tracing'  paper  over  tlioae  in  the  wooikut,  it  will  lie  seen  that,  while  thy 
movement  of  the  paper  in  vertical,  the  lied  ii  ii  will  travel  laterallv 
iilonj.'  the  hori»mtnl  line  from  north  to  south,  »>  that  from  It  it  will 
grailually  arrive  at  e. 

r  the  an^le  at  wltjch  the  liedn  ilip,  the 

t  the  surfiice  jiroduced  by  the  xanii'. 

amonnt  of  throw.    In 


It  will  be  seen  that  the  higher 
less  will  Iw  the  ap|>arent  shift  i 


:\  \ 


This  iliiniiiutiun  would  coi 
tlination,  until  the  lieds 
no  ara<iunt  of  vertical  thro 
for  the  ends  of  the  lieda 


fift- 

<if  inclination  is  in- 
creased to  60'^,  tl«- 
vertical  throw,  or  the 
distance    lietweeii    ft 


lains   tlic 
,  %.  43; 


but  it  is  obvious  that 
the  apparent  lateral 
shift  or  distance  be- 

^Teatly  iliminifihe«L 
e  of  the  angle 


e  with  the 
verti  actually  vertical,  when  it  is  plain  that 
V  could  pKxluce  any  opjiarent  lateral  shiftint;, 
II  the  opiiosite  siiles  of  the  fault  would  merely 
slide  U]i  or  domi  alnnfi  each  other,  In  a  net  of  vertical  lieds,  then,  it 
wouhl  lie  idinost  imjHjssible  tfl  detect  a  fault,  however  great  may  have 
l>e«n  the  real  fissure  and  dislocation.  On  the  contrary,  when  the  lieds 
he  at  a  verj-  low  angle,  a  very  small  ditilocniion  sliifls  the  outcrop  of 
the  IjeiU  in  a  very  remarkable  manner. 

it  is  obvious,  from  an  inspection  of  fi(t».  43  jiml  44,  that  if  we 
know  the  inclination  of  tlie  beils,  and  the  amonnt  of  the  vertical 
\.^™^  l"'  *''"  ^^^' ""  "^y  "'^y  c^'^ilftte  what  will  Ije  the  uprMUvnt 
shift  of  their  outcrop  at  Uie  surface  ;  imd  if,  therefore,  we  Jind  the  outr 
crop  of  OTie,  It  wUl  be  ea»y  to  discover  the  outcrop  of  the  other. 
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On  the  other  hand,  if  we  know  the  distance  between  the  outcrop  of 
the  beds  on  oppoeite  Bides  of  the  fault,  and  their  angle  of  inclination,  it 
will  be  easy  to  calculate  the  amount  of  the  vertical  ''  throw/'  or  to 
discover  the  depth  (or  distance,  6  c)  at  which  the  one  part  of  the  bed 
will  be  found  lower  than  the  corresponding  point  on  the  other  side  of 
the  fault 

In  practice,  allowances  have  to  be  made  for  irregularity  in  the  sur- 
face of  the  ground,  and  for  variations  in  the  angle  of  inclination  of  the 
beds,  and  also  for  changes  in  the  amount  of  ''throw"  in  the  fault,  but 
in  the  above  consideration  of  the  simplest  case  lie  the  eliements  of  much 
practical  utility  in  mining  and  other  operations.  In  the  Appendix  M-iU 
be  found  a  table,  that,  among  other  things,  will  show  the  relations  l>e- 
tween  the  dip,  the  throw,  und  the  shift  or  heave  of  dislocated  t)eds, 
pointing  out,  when  any  ti^'o  of  these  are  known,  the  value  of  the  third. 

That  this  apparent  lateral  shift  at  the  surface  is  really  due  to  verti- 
cal elevation  or  depression,  may  l)e  shewn  further  by  examining  its 
effect  (m  beds  thrown  into  anticlinal  and  synclinal  curves. 

Let  fig.  46  be  a  plan  in  which  a  a  a  is  a  l>ed  having  a  synclinal  or 
iHisin-Bliaped  depressdou  at 
S  S,  and  an  anticlinal  fonii 
at  A  A,  (Uppinj;,  as  bIicwii 

by  the  arruwH,  at  an  angle       

«if  60"  in  each  direction,  and    ''^— — 
let  it  be  traversed  by  the 
fault  F  F.     It  is  clear  that      ^ 

no  lateral  shifting  will  ac-    • 

(X)unt  for  the  places  of  the 
bnjken  ends  (»f  a  a  <m 
<i|»po8it«  sides  of  the  fault, 
since  they  arc  shifted  in 
opposite  directions  ;  while 
their  jiresent  jHisitions  are 

easily    and    ob\'i(»UHly    ac- 

a)unte<l  for  on  the  supposi- 
tion of  a  verticid  elevation  ^k-  <^- 
on    the    side    of    the    fault    ^^"  "'  anticlinal  and  ayncllnal  curve  traversed  by  a 

marked  u  u,  or  depression 

(in  that  marked  d  (/,  and  a  subsequent  planing  do^ii  of  the  whole 
to  one  level  surface.  If  we  draw  two  sections  parallel  to  the  fault,  and 
Mil  ()pi>osite  sides  of  it,  one,  jis  in  fig.  46,  along  u  u,  the  upcast  side, 
and  the  other,  as  in  fig.  47,  along  d  d,  the  downcast  side,  i>utting  in 
the  lieds  with  a  dij)  of  60",  as  directed  by  the  arrows  in  the  plan,  we 
sliould  at  unce  see  that,  in  fig.  46,  on  the  upcast  side  of  the  fault,  the 
be<ls  will  meet  below  S,  at  a  jwint  much  nearer  the  surface  than  tliey 
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do  in  fig.  47  on  the  downcast  side ;  in  other  words,  that  the  bottom  of  the 
synclinal  is  at  a  higher  level  in  the  first  than  the  last  case.     In  the  same 

way  the  point  over  A,  where 
the  anticlinal  lines  would  meet 
if  produced,  is  higher  above 
the  surface  in  fig.  46  than 
in  fig.  47,  or  the  whole  of 
the  bed  a  a  is  more  nearly  out 
of  the  ground  in  fig.  46  than 
in  fig.  47.  It  is  plain  that 
these  appearances  are  the  re- 
sult of  the   vertical  elevation 


Fig.  46. 


of  the  beds  on  one  side  of  the  fault  F  F  in  fig.  45,  or  their  vertical 
depression  on  the  other  side  of  it  Tlie  greater  the  throw  the  more 
widely  will  the  outcrops  ''^^"^\ 

\  /'' ^''^  '\ 


Fig.  47. 


North 


of    a    synclinal    curved 

bed  be  separated  on  the 

downcast   side,   and    the 

more  nearly  will  the  out- 
crops   of    an    anticlinal 

curved   bed   be   brought 

together,    while    on   the 

upcast  side  of  the  fault 

the  reverse  is  tlie  case,  the  outcrops  of  a  synclinal  curve  will  be  brought 

together,  and  those  of  an  anticlinal  will  be  separated. 

When  either  the  angle  of  the  dip  or  direction  of  the  strike  of  the 

beds  vary  along  the  course  of  a  fault,  its  effect  upon  the  position  and 

form  of  their  outcrop  becomes  equally  various.     Tliis  effect  may  be  still 

farther  complicated  by 
a  change  in  the  amount 
of  the  "  throw**  of  a 
fault  in  different  parts 
of  its  course. 

The  variations  in 
Faults  according  to 
their  direction,  7iujnber, 
inclination,  and  com- 
bination,— We  have 
hitherto  supposed  the 
fault  to  run  directly 
across  the  beds,  or 
nearly  so,   but   some 

faults   may  either,   in   the  whole   or  in   part   of  their  course,  run 

obliquely  to  the  strike  of  the  beds,  instead  of  directly  across  it,  and 


South 


Fig.  48. 
Fanlt  along  strike. 


Plan. 


BnrOLE  LINED  FAOLTS. 


a  maj  occur  of  duJocftbon*  even  nummg  along  the  atnke,  so 
M  to  entirely  conceal  Mime  of  the  beds  aa  m  fig  48  which  is  a  plan, 
when  the  bolt  F  F  nm 


ning  directly  along  the 
■trike  of  the  beds,  conceals 
put  of  No.  2,  the  whole 
of  3  and  4,  and  pait  of 
Ho.  fi,  as  may  be  seen  by 
Qie  section,  fig.  40 

If  the  magnitude  or 
throw  of  the  (anlt  duni 
aiabea  in  one  direction,  we 
ahoold  have  some  of  these 
beds  coming  out  in 
direction,  as  in  fig.  fiO, 
ptododng  a  slight  variation 
in  the  strike  of  the  beds. 


the   direction  of  the  faults,  with  respect  to  the  strike  of  the  beds,  ' 
in  the   amoont    of    their 

Sinffle  or  Compound 
FaullM. — ^The  number  and 
association  of  faults  also 
requires  consideration  in 
order  to  properly  under- 
stand their  effects. 

If  we  suppose  a  sii^e 
tine  of  fault  only  to  exist, 
it  involves  the    assump- 
tion   tliat   the    beds  have    ^ 
been  bent  or  bulged  either 

upwards  or  downwarda  on  Single  liarf  F.uli. 

one  side  of  the  fault,  or  upwards  on  one  side  and  downwards  oi 
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If  in  fig.  5 1  we  suppose  the  line  a  b  to  he  a  crack  or  fissure  tra- 
versing a  set  of  beds,  or  if  we  supiK)»e  it  to  be  a  crack  in  a  plank  of 
wood,  or  any  other  flexible  substance,  ending  each  way  without  meeting 
with  any  otlier  crack  or  fissure,  it  is  obvious  that  although  the  jiarts 
will  be  serered  along  it,  they  will  not  be  shifted  vertically  unless  some 

force  be  applied  to 
push  or  bend  upwanhi 
or  downwards,  as  in 
fig.  52,  the  }>art  on 
one  side  of  the  fii>- 
sure,  while  the  other 
ymt  is  held  fast,  or 
pushed  in  the  opj)o- 
site  direction. 

In  fig.  52    soint' 
beds  are  supposed  U) 
be    cracked    by    the 
fissiuv    a  b,  and  the 
Fig.  52.  |)art  c  to  have  been 

SSingltr  line  fault,  prcnluced  by  bondiiig  of  IteUs  on  mie  sitle  of     beut   down      l>ut    Wi* 

"**  might  just  as  easily 

have  su])posed  the  part  d  l>ent  up,  or  both  operations  to  have  taken  ])laoe 
simultaneously.  Without  some  such  bending/  no  dlsl(X»tion  coidd  have 
occurred. 

Such  "  single-line  faults"  have  been  pnxluced,  as  is  proved  in  coal- 
ndning.  They  generally  have  one,  but  sometimes  more  iK>ints  of  maxi- 
mum **  throw"  neiir  the  centre,  and  gra<lually  diminish  each  way  till 
they  die  out.  Not  unfrequently  they  split  towards  one  or  both  extre- 
mities, jis  is  shewn  in  the  plan,  Fig.  53,  in  which  the  main  faidt  n  h  \s 


Fig.  M. 
PIau  uf  fault  Hplitting  at  tbe  ctkIh. 

seen  to  l>e  split  into  three  at  one  end  and  two  at  the  other.  The  figures 
rej»resent  the  amount  of  the  downthn>w  at  each  point,  in  feet,  yards,  or 
fathoms,  as  the  case  may  be. 

Tlie  plan  of  a  fault  given  in  fig.  53,  is  taken  from  that  of  tlit- 
Lanesfield  fault  in  the  South  Stiiffordshire  coal-fiehl,  the  figures  in  that 
case  being  yards. 

it  is  possible  that  this  bending  of  the  beds  along  the  line  of  fault 
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miiy  occur  mote  than  once,  so  tliat  they  may  be  thrown  into  luidiila- 
tioiu,  and  thoa  more  thoD  one  maxiinnm  throw  may  be  pnxloMil.  Tlu>< 
undulation,  too,  may  also  become  so  gtvat  that  the  downthrow  tuiiy 
chuntrc  eidfis,  as  is  attempted  to  be  shewn  in  %.  G4.  This  actually 
DccuN  in  natiue  Bometimes,  the  fault  a^jMinring  to  ilie  away  wlien  the 
beiht  come  together, 
and  then,  to  set  ou 
OK'un  with  a  disloca- 
tion in  the  op{K>aite 
direction.  The  %. 
54,  however,  is  to 
be  taken  us  a  mere 
ditiKrani  to  help  the 
eiiitonation,  and  not 
aB  an  actual  reprc' 
mentation  of  nature, 
wliere  tlie  uiidula- 
Uons  are  rarely  if  Si-wi"  """' ^H.  .ith^.^wnu™^  uf  u.™  i,»Ji.«d 
evi-r  so  nijiid,  audarf 

never  aiiporent  at  tlic  Kurfaue  uf  the  j^ruund,  whii^h,  iis  nill  be  jireKi-ntly 
i^licwn,  is  in  all  cai<vfl  a  Mni'faci-  of  denudation  {icoduced  subse(]uently  ti> 
all  Militerranean  movements.  Single  lines  of  fmcture  are  prolmbty  in 
jptiieral  muck  more  esten^'ive  tlian  the  actual  dislocotul  upact's,  since 
such  1)un<linKH  and  l>ulf,'iii^'!i  iis  are  heri;  shewn  tn  !«  nLi*«iarj'  to  cause 
lli^!lJlaltion,  would  be  more  liki:Iy  to  occur  near  the  central  ])ortious  of 
u  friictuTtt  than  near  itii  extremities. 

Wlien  there  ib  uiori'  than  one  line  of  fractiu*,the  fact  of  dislocation 
^  Iieconie'i  more  easy  to  understand,  since 

;  tlieu'  IH  no  diflieultr  in  conceiviii);  that 
uikIci  or  comer  of  yronnd  inchidwl 
'een  the  int«rs«.-etiun  of  two  faults, 
has  been  drop]ied  down  1>elow,  or 
H(|ueezed  up  above  the  corresjiondin}.' 
beds  on  the  outside  of  them.  In  the 
plan  tig.  6S,  let  n  A  and  «  (  be  two  faults 
laoeting  in  the  point  /',  the  included  ]iurt, 
(/,  may  be  either  deiiressed  below,  or 
niise^l  above  a  b  c.  Even  in  thin  case, 
however,  the  l>e<lB  on  one  side  or  i  ither 
of  the  faults  t[iuEt  lie  lient  up  or  ilowii 
in  tile  directiim  of  f  if,  becauuc,  as  the 
fi  Mul  c,  the  whole  of  tlie  lieiis  must  he 
cine  ]tart  or  other  miwt  cliau^e  that  level 


faults  end  or  die  out  al 
lu-  «.me  level  there,  and 
niceediiig  in  the  direclioii 


1  il. 
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There  is  a  modification  of  this  case  shewn  in  fig.  56,  where  we 
have  one  long  continuous  fault  A  B,  with  one  or  more  lateral  branches, 
cdycfy  I  /•,  etc,  proceeding  out  of  it,  or  leading  into  it,  as  we  may 


-^ 


y 


Fig.  5C. 
Great  fault  with  lateral  branches.    Plan. 


•«* 


choose  to  consider  them,  and  either  on  one  or  both  sides  of  it.  In 
this  case,  while  the  whole  mass  of  ground  is  thrown  down  on  one  side 
of  A  B,  with  respect  to  the  other,  the  particular  portions  between  c  d, 
efj  or  the  comers  between  any  one  of  them  and  the  main  fault  may 
have  additional  minor  dislocations  of  their  own. 

A  long  powerful  fault  is  often  composed  in  the  whole,  or  part  of 
its  course,  of  a  number  of  parallel  fissures  very  close  together,  along  a 

narrow  band  of  coun- 
try, breaking  the  rocks 
into  a  corresponding 
number  of  steps,  as  in 
Fig.  57,  which  either 
"throw''  all  in  the 
same  direction,  or 
having  some  steps  in 
opposite  directions, 
produce  a  balance  of 
"  throw  "  in  one  direc- 
tion, so  that  it  is 
treated  as  one  wide 
fault 

In  order  to  have  any  mass  of  beds  entirely  cut  off  on  all  sides  from 
those  that  surround  them,  and  wholly  depressed  below,  or  raised  above 
them  on  every  side,  it  is  obviously  necessary  that  we  should  have  at 
least  three  straight  faults,  or  one  or  two  curvilinear  faults  surrounding 
the  fractured  piece  of  groimd.  Such  completely  separated  masses  of 
ground  let  in  bodily  among  a  strange  set  of  beds  may  possibly  occur  in 
nature,  though  they  are  very  rarely  to  be  met  with!  No  case  of  the 
kind  ever  came  under  my  own  personal  observation  ;  supposed  instances 
at  Bonmahon,  in  Coimty  Waterford,  being  now  believed  to  be  capable 
of  another  explanation. 

Belatian  between  the  inclination  of  a  Fault  and  the  direction  of  its 


Fig.  57. 
Step  faults. 
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Ukrow, — ^Faults  and  fissures  are  sometimes  vertical,  as  at  A,  fig.  58, 
but  more  commonly  inclined  at  various  angles,  even  so  low  in  some 
instances  as  20^,  as  at  B,  fig.  58. 


Pig.  58. 
Varied  inclination  of  fAOlts,  and  relation  between  the  **  hade ' 

direction  of  its  throw. 


of  a  fault  and  the 


In  speaking  of  the  inclination  of  a  fault,  it  is  better  not  to  use  the 
term  **  dip "  as  if  it  were  a  bed,  but  to  adopt  that  of  "  hade "  or 
"  underlie.*'  In  inclined  faults,  and  it  almost  always  happens  that 
faults  are  inclined,  there  is  one  nearly  invariable  rule,  which  is,  that 
the  fault  "  had^s"  or  "  utiderlies"  in  the  direction  of  the  doicnthrow. 

As  a  corollary  of  this  rule  also,  another  equally  important  one  may 
be  stated,  namely,  that  however  inclined  may  be  the  fault,  no  part  of 
an  if  bed  irill  ever  be  brought  vertically  under  another  part  of  it,  and 
therefore  superior  beds  can  never  be  brought  by  any  fault  under  those 
originally  below  them. 

Small  exceptions  to  these  rules  may  sometimes  occur  in  lure 
instances  ;  when  they  do,  the  fault  that  produces  them  is  called  a 
reversed  fault. 

In  fig.  58,  for  instance,  the  fault  between  B  and  C  hades  under 
the  downcAst  piece  of  the  bed  {a  a)  ;  and  it  is  ob\dou8ly  impossible  for 
a  vertical  fault,  or  one  inclining 
in  the  proper  direction,  to  bring 
any  part  of  the  bed  a  a  vertically 
beneath  another  part,  and  con- 
sequently no  part  of  the  beds 
above  a  a  can  ever  be  brought 
underneath  it,  as  they  would  be 
in  the  imaginary  and  exceedingly 
rare  case  in  fig.  59. 

I  have  never  myself  met  with 
any  exception  to  this  rule,  except 
on  a  verv  small  scale,  and  where  it  ^''^'  ^^• 

might    easily  ha])pen  that  the  ex-  "^^^'^^^^  ^^^^^  •'  ^^  verj-  rare  occurrence. 

ception  wjus  more  apparent  than  real,  the  apparent  inclination  of  the 
fault  being  merely  a  local  bend  or  indentation  in  a  vertical  or  nearly 
vertical  fault     A  case  of  real  occurrence  of  a  "  reversed  fault "   has?, 

M  2 
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however,  been  lately  duBcribed  by  Mr.  O.  H.  Einahaii,  from  the  iufiir. 
mation  of  Mr.  Ed^,  an  to  the  position  of  aomu  betU  in  a  colliery  in  tUe 
Queen's  County,  IrelBiiil.     (See  Journal  Oral.  Soe.  Ihth.,  vol,  viiL) 

Tlic  rea^wn  of  this  rule  ie  Hufficiently  easy  tu  understand  when  we 
come  to  look  nt  faulta  on  the  brge  ecjile.  Suppoee  that  in  the  rija- 
groni,  fig.  60,  we  have  a  nectiou  of  jutrt  of  tlie  eartli's  crust,  of  whii.h 


A  B  is  tlie  eurfiice,  and  C  D  n  deeiH(eateil  plane  acted  on  by  s'lnie  wide- 
8prea<l  force  of  eiiKiiiBion  tending  to  bulge  upwards  the  part  A  B  C  D. 
If,  then,  a,  fracture  lake  place  along  the  line  E  F,  it  ia  obrious  that 
the  expanding  force  will  on  the  side  of  A  C  have  the  widest  base,  C  F, 
to  act  upon,  wliile  it  will  have  a  pro[>orlionat4:ly  lees  mass  to  move 
in  the  part  A  £  C  F  which  f^rowa  gradually  smaller  tJ>wards  the  surface, 
than  on  the  other  side  of  the  fault,  where  with  the  smaller  base  F  D,  the 
iriasa  F  D  B  E  continually  grows  larger  towards  the  surface.  Tlie  inariR 
O  will  cou»ei|ut-iitly  ln>  much  more  likely  to  lie  miseil  into  the  poi<itioii 
A  t  Of,  than  the  mass  H  into  the  position  B  f  B  i,  the  elevatioii  of 
which  could  hardly  take  place  without  leaving  a  great  open  gap  alrmg 
the  line  of  fault  between  F  E  and/  i,  and,  moreover,  without  leaving 
the  projecting  piece  i  overhanging  without  r.ny  support 

This  is  yet  more  clearly  jierceptible  if  we  supjioso  two  such  fissureK, 


IIS  in  tin.  Bl,  inclining  towards  each  other,  since  if  we  suppose  the 
included  piece  I  to  bo  elevated  into  the  position  indicated  by  the  dotted 
lines  it  becomes  utterly  uiiBuppoi1«d  ;  iinlesB  we  suppose  huge  dykes  or 
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qeetions  of  igneani  rock  to  ieBae  out  ftlnng  eack  fault,  which  would 
remove  the  case  from  the  clasi  of  fiactore*  we  nro  at  present  considering. 

In  another  cMe  which  we  might  imagine,  tliot  iif  two  paiallel  fantta 
incliitiug  in.  the  same 

direction,  as    in    fig.  \  \ 

68  ;     tlie     indnded  a  •.       r       '^  b 

piece  J  might  be  ele-  \  \ 

vated  without  leaving  -         \  \ 

an  open  flsanie,  but  e  \_..A_.A  " 

atm  the  part  /  would  \  ^^ 

overiiBng  in  ta  unnip-     c  \  \  ii 

ported  condition,  and  p     ^ 

the  ennnooiu  friction 

tUung  two  sidM  of  the  pioce  I  would  have  to  be  overcome.   J  am  not  aware 
indeed  of  any  case  similai  to  this  having  been  even  supposed  hj  any  one. 

Professor  H.  D.  Rogers,  in  his  [Mper  on  the  "  Laws  of  Structure  of 
the  more  disturbed  Zones  of  the  Earth's  Cmst"  (TVnn*.  Royal  iSoc, 
Edin.,  voL  xzi.  p.  3),  in  dtiecribiiig  faults  alniig  the  axes  of  anticlinal 

sion  has  taken  place 
ou  one  side  of  the 
anticlinal,  spealu  of 
the  uninvurteil  part  c>f 
the  anticlinal  luiviii^ 
been  thrust  up  the  in- 
clined plane  of  the 
fault,  over  some  of  the 
inverted    beda,   lUi   in 


PiR,  la 


i  63. 


Professor 
does  not  allude  to  thu  bet  of  this  furm  producuig 
fault,  nor  is  it  quite  clear  iu  liis  jtajier  wlietlitr  the  structuiv  tliua 
described  has  bet^n  ubsotuttdy  oltgervcd  in  motions,  or  is  merely  in- 
troduced hypothetically  km  an  uxplaiiatiun  tif  curtain  pheuumenu.  If 
actually  obaert'ed,  a  detailed  deacriptiun  of  thu  locality  would  be  inte- 
RNting,  neither  am  I  pre|«red  to  couiWt  the  hypothesis,  if  it  be  one, 
since  it  is  just  in  such  greatly  disturbed  diatricts  that  "  reveised  "  faulln 
ore  likely  to  occur. 

I  believe  tliat  the  rule  na  to  tliu  rL-liitiim  butu-een  the  inclination  of 
a  fault  and  the  direction  of  ito  thruw  mi;(ht  hv  utill  further  ^Kneraliseil 
Ml  aa  to  include  aleo  the  UinM.'tiun  iif  itn  "  lieuve  "  or  "  shift,"  m  thnt  the 
mill  might  be  stated  thus  ; — "  No  fiitilt  traarru'inj  any  set  of  bedt  teid 
make  ait  acute  angle  aith  the  aame  bed  on  hutit  eidet  of  the  fault." 

The  position  of  the  beds  shewn  in  fig.  59,  in  which  a  bed  a  a  U 
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cut  by  a  fault  F  F  so  as  to  have  an  acute  angle  on  both  sides  of  it,  is 
then  generally  an  impossible  one  (except  as  a  small  local  occurrence 
in  a  greatly  disturbed  district),  whether  we  regard  the  figure  as  a  ver- 
tical section  or  a  horizontal  plane. 

Trough  Faults. — ^Faults  ordinarily  extend  indefinitely  downwards. 
We  cannot  comprehend  the  possibility  of  fracture  and  displacement 
having  taken  place  in  any  uncontorted  set  of  beds  without  all  those 
below  having  been  equally  disturbed,  imless  we  come  to  a  part  where 
another  fracture  occurs^  producing  an  equal  amount  of  displacement  in 
an  opposite  direction.  This  junction  between  two  opposite  faults  pro- 
duces what  is  often  called  a  "  trough,"  the  faults  being  caUed  a  "  pair 
of  faults."  The  opposite  faults  of  a  trough  may  be  either  unequal  in 
"  throw,"  as  a  c  and  i  c,  in  the  trough  A,  or  equal,  as  de,/  e,m  trough 


Fig.  64. 
Trough  Faults. 

B.     In  the  former  case,  the  displacement  affects  the  whole  mass  of  the 
surrounding  rock,  as  may  be  seen  by  tracing  the  bed  X  through  the 

dislocations  ;  in  the 
latter  case,  it  only 
affects  the  mass  B, 
which  is  included 
between  the  faults. 
In  the  latter  case,  we 
may  see  that  the  bed 
X  on  the  outside  of 
the  trough  B  is  on 
the  same  level  on 
both  sides. 

The  mode  of  ex- 
planation of  these 
trough  faults  that 
seems  to  me  the  most  probable,  if  not  the  only  one,  is  the  following  : — 
Supposs  the  beds  A  A,  B  B,  etc.,  to  have  been  formerly  in  a  state  of  ten- 
sion, arising  from  the  bulging  tendency  of  an  internal  force,  and  one 
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fiBsnre,  F  £,  to  have  been  formed  below,  which  on  its  oonne  to  the 
snr&oe,  splits  into  two,  E  D  and  £  C,  as  in  fig.  65.  K  the  elevatoiy 
force  were  then  continued,  the  wedge-like  piece  of  rock  W,  between 
these  two  fissures, 
being    unsupported,  ^      3> 

as  the  rocks  on  each 
side  separated,  would 
settle  down  into  the 
gap,  as  in  fig.  66. 
If  ihe  elevatory  ac- 
tion were  greater  near 
the  fissure  than 
&riher  from  it,  the 
single  fissure  below 
would  have  a  ten- 
dency to  gape  up- 
wards, and  swallow  down  the  wedge,  so  that  eventually  this  might 
settle  down,  and  become  fixed  at  a  point  much  below  its  previous 
relative  position.  Considerable  friction  and  destruction  of  the  rocks, 
so  as  to  cut  off  the  comer  y  h  (fig.  66)  on  either  side,  would  probably 
take  place  along  the  sides  of  the  fissures,  and  thus  widen  the  gap,  and 
allow  the  wedge-shaped  piece  W  to  settle  down  still  farther. 

When  the  forces  of  elevation  were  withdrawn,  the  rocks  would 
have  a  tendency  to  sink  down  again  and  resume  their  original  positions, 
but  these  newly  included  wedge-shaped,  and  other  masses,  would  no 
longer  fit  into  the  old  spaces,  so  that  great  compression  and  great  lateral 
pressure  might  then  take  place. 

The  reader  must  recollect  that  the  figs.  65  and  66  are  mere  dia- 
grams to  assist  his  comprehension,  and  not  actual  representations,  in 
which  there  would  necessarily  be  introduced  a  much  greater  amoimt  of 
irregularity  and  complexity.  This  may  be  seen  by  an  inspection  of 
fig.  67,  which  represents  the  commencement  of  a  trough  fault,  in  the 
middle  of  the  Thick  coal  of  South  StaflTordshire.  This  was  carefully 
drawn  to  scale  by  a  competent  observer,  Mr.  Johnson  of  Dudley,  from 
the  side  of  a  "  gate  road  "  in  the  Victoria  colliery  at  West  Bromwich. 
It  shews  the  arching  of  the  beds  and  their  fracture  by  numerous  small 
fissures  on  each  side  of  the  main  fracture,  where  the  beds  gaped  and  let 
in  a  wedge-shaped  piece  of  the  beds  above.  On  each  side  of  this 
"  trough  fault "  the  coal  marked  B  B  was  reduced  by  pressure  to  a 
state  resembling  "  a  paste  of  coal  dust  and  very  small  coal,"  while  the 
partij  marked  C  were  iminjured.  The  total  thickness  of  the  coals,  which 
here  constitute  the  Thick  coal  is  about  ten  yards,  and  the  length  of  the 
gate  road  shewn  in  the  figure  about  100  yards.  (Mems,  Oeol,  Survey^ 
S.  Staff.  Coalfeldy  2d  edit,  p.  194.) 


LATERAX  PUESSUBE. 

^  It  seeiiu  certaul  here  thjit  the  beds 

'  were  arched  anil  crocked  in  the  u:utK,  so 
as  to  incluile  the  wedtte-shaped  tnaas  A, 
and  that  ou  eettluig  duvn  again  that  piece 
liKvented  the  beds  regaining;  their  fonnttl 
(MiBitiou.  The  vertical  downward  tendeiir.r 
then  resulting  from  the  pressure  of  the 
RUperincumlient  nmsa  winild  here  be  trans- 
ferred to  a  lateral  preiuiure,  tending  to 
i:rumple   and  dislociite  the  l>eds  on  each 


Ltcteral  J'reMiiit. — We  havu  already 
seen  that  the  a]ipeaniiice  of  hueral  motioii 
liaving  taken  place  in  licds  ia  often  a 
fallacious  one.  We  have,  however,  in  the 
above  considerations,  a  trim  caum:  of  lateral 
]ireB8ure,  which  may  sometimes  operate  on 
a  far  larger  scale  than  the  little  exoinplie 
just  quoted.  The  vast  anticlinal  and  oyn- 
dinal  curves  into  which  gient  niiiuntaiu 
uiasaea  are  usually  thrown  may  uriginat*^ 
iu  very  much  the  HUiue  way*  as  the  minor 
cracks  and  sipieezes  iu  this  case, 

Cotiitfclioii  litUcrru  Faullt  aiul  Ortt- 
fi,rtiuit», — As  the  niiult  I'f  my  own  eiperi- 
euce,  I  may  altinn  that  it  is  comparatively 
rare  to  find  it  diftrict  greatly  contorted, 
and  also  traverKtil  by  large  faults  ;  and,  on 
the  other  hand,  whertver  a  district  is  much 
broken  by  faults,  tli(»  masses  of  ground 
between  the  faidts  are  usually  but  slightly 
bent  and  coiitoited.  Tliis  is  what  we 
should  (1  priuri  expect  tii  Ite  the  case,  sincu, 
if  the  internal  forces  of  disturbance  acting 
upon  a  portion  of  the  earth's  crust  succeed 
in  breaking  it  through  Ix'fore  they  l)end  it, 
the  further  result  will  )>e  most  likely  to 
increase    the   iliHlocations    mlher  than  Iu 


lej  or  tbi*  Duutb  Htsdhril  nwUlold  In 

have  Mr\}  iilmeneil  that  Prsreuor 

H-count  of  (he  U*lv«ni  HIU3,  In  lh> 

uae  of  the  Meimiin  ot  the  Quilogjcal  Hi 

had  arrivnl  u  linillar  reiiilti  br  glmllar  r 
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bend  the  parts  between  them,  while  in  those  parts  where  they  do  not 
soGoeed  in  causing  fiactoies  the  whole  force  will  lie  expended  in  pro> 
dacing  a  bending  and  curvature  in  the  rocks. 

T^  is  true  both  of  different  areas  and  of  different  depths  in  the 
same  area,  since  great  convolutions  in  the  lower  parts  of  the  earth's 
crust  will  almost  necessarily  result  in  fractures  and  dislocations  of  the 
parts  above. 

Instances  do  occur  of  both  dislocation  and  contortion  in  the  same 
area,  but  if  the  contortion  be  great  the  dislocations  are  usually  few  and 
small  in  proportion  ;  and  if,  on  the  other  hand,  the  dislocations  be  of 
great  number  and  amount,  the  contortion  is  small,  either  in  amount  or 
in  extent,  when  compared  with  that  of  the  dislocation. 

Vertical  Extension  of  Faults, — ^We  have  already  seen,  in  tracing 
faults  superficially  along  what  may  be  called  their  lateral  extension, 
that  it  is  impossible  to  conceive  displacement  to  occur  except  in  conse- 
quence of  a  second  fault  meeting  the  first,  or  in  consequence  of  a  bulg- 
ing of  the  beds  along  a  part  of  the  line  of  the  fault. 

Similar  reasoning  will  apply  to  the  vertical  extension  of  a  fault. 

Mr.  W.  Hopkins  has  shewn  us  that  fractures  in  the  crust  of  the 
;rl(>be  have  taken  place  in  obedience  tu  certain  mechanical  or  pliysical 
law8.  If  a  tract  of  country  of  indefinite  length  and  breadth,  compose<l 
<>C  a  set  of  nearly  homogeneous  betls,  supposed  to  be  originally  horizon- 
tal, and  nearly  equally  tenacious  all  over,  be  actetl  on  by  an  expttnsi\'\^ 
force  from  below,  such  as  an  elastic  gas  or  a  molten  fluid  would  exert, 
those  beds  will  be  strained  so  as  to  tend  towards  bulging  upwards,  until 
a  numlKir  of  ^mrallel  fissures  are  fomied,  commencing  at  points  l>elow 
the  surfiice,  and  rumiing  up  to  it.  Tliey  may  l)e  crossed  either  then  or 
subsequently  by  another  set  of  parallel  fissures  at  right  angles  to  the 
first  set.  These  are  the  normal  results  which  may,  in  actual  fact,  be 
complicated  by  many  iiTegularities  arising  from  conditions  different 
from  those  which  were  assumetl. — Trans.  Camh,  PhiL  Soc,,  vol.  vi.,  p.  1. 

It  seems  to  follow  from  these  i-esults,  tliat  for  displacement  to  have 
taken  place  among  the  fmctured  masses,  two  ov  more  faults  should  meet 
below,  so  as  entirely  U)  sever  the  masses  from  each  other,  and  allow  of 
unequal  motions  being  conmiunicated  to  them,  or  that  faults  should 
(irraduolly  end  downwards  on  the  surfaces  of  highly  curved,  undulated, 
and  contorted  beds. 

Connection  between  Intrusion  of  Igneous  Rucks  ami  Production  of 
Faults. — ^The  intnisiou  of  igneous  rock  may  in  some  instances  increase 
the  amount  of  dislocations  ;  but  the  student  must  be  on  his  guanl 
against  attributing  to  local  intrusion  <»f  igneous  rock,  effects  of  elevatiois 
or  contortion,  or  fracture,  which  aiv  not  due  to  it.  The  intrusion  of 
igneous  rock  junong  other  masses  is  itself  a  result  and  not  a  cause  of 
distiurbance.     The  disturbances  of  stratifie<l  rocks  are  generally  owing 
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to  very  widely  extended  accessions  of  heat  expanding  large  masses  of 
rock  of  all  kinds  simultaneously  over  great  spaces,  and  the  subsequent 
contractions  when  that  heat  is  diminished  or  taken  away.  Small  local 
intrusions  of  igneous  rock  may  act  as  stays  and  wedges  to  prevent  the 
dislocated  beds  settling  back  into  their  former  places,  but  such  intrusion 
during  widely  spread  disturbance  seems  rather  to  have  been  the  excep- 
tion than  the  rule. 

When  we  come,  indeed,  to  consider  large  intrusions  of  great  granitic 
masses  into  the  rocks  above  them,  we  see  a  fertile  source  of  dislocation, 
first,  by  the  expansion  of  the  superior  rocks  from  the  mere  irruption 
of  the  bulk  of  the  molten  mass,  and  afterwards  from  contraction  in 
consequence  of  the  cooling  of  that  mass,  which  contraction,  as  we  have 
already  seen,  p.  96,  might  amount  to  even  one-fourth  of  its  bulk. 

Where  any  large  mass  of  matter,  too,  has  been  erupted  or  ejected 
over  the  surface  of  the  ground,  the  withdrawal  of  its  bulk  will  have 
tended  to  leave  a  void  space  in  the  interior,  which,  if  it  were  not  filled 
up  with  other  igneous  matter,  would  be  followed  by  subsequent  sink- 
ings and  dislocations  of  the  rocks  over  it. 

Masses  of  igneous  rock,  however,  whether  contemporaneous  with  the 
beds  in  which  they  lie,  or  subsequently  intruded  into  them,  wherever 
they  spread  over  a  considerable  area,  seem  to  be  just  as  much  affected 
by  the  faults  of  the  district  as  any  of  the  other  rocks. 


CHAPTER  XiV. 
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Vt  hxn  now  ttmnuied  three  kinds  of  divirioiiBl  planes  tnTeising  rock 
— those,  nMJotlj,  yrtdek  we  might  call  emufentlal,  or  pUnei  ctf  UminB- 
tion  and  ibatafication  ;  those  which  are  neengsarily  remlltuU  oa  OMkaoli- 
dation  or  joint  planea  ;  and  those  which  we  may  tenn  aceidailal,  ssdi 
as  &nItB.    There  is  yet  another  kind  to  be  deecribed,  which  we  aaij 


of  diTUan  ;  and  these  an 
planea  of  " deavBge"  and 
"  foliation/* 

Slaty  Cleofiaffe. — By 
"  deavage"  or  **  trana- 
Teree"  or  "slaty  deav- 


calied,  we  nndentond  a 
tenden^  in  rocks  to  ipUt 
into  very  thin  plates,  hav- 
ing a  certun  given  direc- 
tion over  wide  areas  inde- 
pendently of  any  original 
lamination  or  stratifica- 
tion of  the  locks.  It  if  a 
etructure  which  is  most 
especially  remarkable  in 
clay  elate,  but  is  some- 
times apparent 

Where  il  exists  it  is 
always  most  perfect  in 
the  finest  grained  rocks,    J!?''^"?!^""''^,™^"?^^' 

...  °  .  '    hoilionUl  budi  an  tbs  twdi,  the  Am 

epllUing  them  mto  an  .tun  in  tnnit,  m  the  dunge  plun,  tlw  tit  Um  dd 
indefinite  number  of  thin  th«  dukcned  >ld»  mnel}  npreHnt  •kudns,  ud  wM 
leaves  or  plates  perfectly  ""* '"  *^™  '"^  pUna*  of  dlvtiton  in  the  rock  lUn  thow 
smooth  and  jiSoel  i>  i- U»  ("-»  which  do  not  p.- through  tb.  whiu  i«,d^ 
each  other.  The  coaner  the  rock,  the  fainter,  the  wider  apart,  and 
the  more  rou^  and  irregular  do  the  cleavage  planea  become. 
K 
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In  fig.  68  is  shewn  a  block  of  slate  consistiiig  of  alternations  of  fine 
purple  and  rather  coarser  green  and  whitish  beds,  which  have  been 
puckered  and  crumpled.  The  finer  grained  and  thicker  beds  are 
perfectly  cleaved  by  planes  cutting  directly  across  them  parallel  to 
the  dark  side  of  the  block,  which  is  itself  a  cleavage  plane,  while  the 
coarser  parts  shew  less  tendency  to  split  in  that  direction,  except  at 
wider  irregular  intervals. 

TMs  cleavage  may  either  coincide  with  the  original  lamination  of 
the  rock,  or  cut  across  it  at  any  angle.  When  it  cuts  across  the  bedding 
of  the  rock,  the  original  lamination,  or  tendency  to  split  along  the 
planes  of  deposition,  is  generally  obliterated,  the  lamin®  being  sealed 
up,  or,  as  it  were,  welded  together.  This  cementation  of  the  original 
lamination  is  not  quite  invariably  the  case.  I  have  met  with  at  least 
one  instance  where  the  rock,  an  indurated  shale,  split  as  readily  along 
the  original  lamination  as  along  the  cleavage  planes,  and  was  thus 
minced  into  long,  needle-shaped  spiculae  of  slate. — {Report  of  Geological 
Survey  of  Newfoundlaixdy  p.  75.) 

lYansversc  cleavage  in  sandstone  usually  divides  the  rock  into 
coarse  slabs  only,  the  upper  and  under  surfaces  of  the  sandstone  often 
breaking  into  dog-toothed  indentations.  In  traversing  conglomerates, 
the  cleavage  planes  leave  the  pebbles  standing  out  in  relief,  and  do  not 
cut  through  them  as  joint  planes  do. — {Professor  Sedgwick) 

Cleaved  limestone  generally  has  the  original  bedding  greatly 
obliterated  and  obscured  ;  the  slabs  are  thick  and  uneven,  and  their 
surfaces  often  coated  by  argillaceous  films,  sometimes  giving  to  the 
cleavage  the  exact  appearance  of  bedding. 

Among  trap  rocks,  some  very  fine-grained  felstones  are  occasionally 
affected  by  cleavage,  and  fine-grained  trappean  ashes  are  often  so 
affected. 

In  passing  through  beds  of  different  texture,  the  cleavage  planes 
often  vary  their  angle  a  little,  having  a  tendency  to  cut  more  perpen- 
dicularly across  the  coarser  than  the  finer  grained  beds.  When  the 
inclination  of  the  cleavage  planes  and  that  of  the  original  planes  of 
lamination  become  nearly  coincident  in  any  locality,  they  sometimes 
appear  to  coincide  entirely,  as  if  the  cleavage  went  a  little  out  of  its 
way,  as  it  were,  to  coincide  with  the  bedding. 

The  finest  and  lai^gest  roofing  slates  seem  to  be  those  of  a  bluish, 
gray  or  pale  green  colour.  Where  they  become  either  veiy  red  or  quite 
black,  they  are  more  brittle,  and  more  readily  decompose,  owing  probably 
to  the  presence  of  peroxide  of  iron  in  the  one,  and  carbonaceous  matter 
in  the  other.  Bands  of  colour,  such  as  faint  red,  green,  white,  or  gray, 
may  sometimes  be  observed  on  the  sides  of  slates,  often  coinciding  with 
slight  changes  of  grain  or  texture.  These,  which  are  called  the  "  stripe" 
of  the  slate  by  Professor  Sedgwick,  mark  its  original  stratification.     The 
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bands  in  the  block,  wbiob  ib  figured  in  fig.  68,  shew  tiuB  stripe  very  welL 
Irregular  blotches,  however,  of  different  colours,  occasionally  occur ;  and 
sometimeB  even  pretty  regular  broad  bands  of  colour  are  to  be  seen, 
which  do  not  coincide  with  the  bedding,  bat  go  sometimes  directly 
across  it,  as  proved  by  beds  of  sandstone  interstratified  with  the  slate. 
Care  must  be  taken,  therefore,  in  field  observationS|  not  to  rely  too  im- 
plicitly on  mere  bands  of  coloor  in  slate  rocks. 

JHrectum  of  Cleavage  Pkmei, — The  direction  of  cleavage  planes 
is  generally  constant  over  considerable  areas,  retaining  the  same  com- 
pass-bearing through  whole  mountain  chains,  or  across  lazge  countries, 
without  paying  any  regard  to  Uie  contortions  and  convolutions  of  the 
rocks.  One  of  the  best  examples  of  this  steady  direction  in  the  strike 
of  the  cleavage  planes  is  the  south  of  Ireland,  over  the  whole  of  which, 
from  Dublin  to  the  Misen  Head  and  the  Dingle  Promontoiy,  the  direc- 
tion of  the  cleavage  seldom  varies  \(f  from  East  26^  North,  whatever 
rocks  it  traverses,  and  however  different  these  rocks  may  be  in  litho- 
logical  character  and  geological  age.  A  few  local  exceptions,  in  which 
the  deavBge  had  a  strike  to  the  South  of  East  and  West  of  North,  have, 
however,  lately  been  observed. 

ThiB  steady  direction  generally  coincides  with  that  of  the  main 
lines  or  axes  of  elevation  and  disturbance  which  traverse  the  district, 
and  consequently  with  the  "  strike**  of  the  beds. 

In  North  Wales  the  strike  of  the  cleavage  in  the  Snowdon  chain  is 
generally  NJB.  and  S.W.,  dipping  sometimes  to  the  N.W.  and  sometimes 
to  the  SJB.  at  high  angles  (see  fig.  69). 

Fig.  69  is  taken  from  one  in  Phillips*  Beport  on  cleavage  in  the 
Proceedings  of  the  British  Association  for  1866,  being  an  extension  of 
one  previously  given  by  Professor  Sedgwick,  running  N.W.  and  SJ)., 
through  the  Snowdon  Chain  ;-the  spectator  looking  NJL  In  this  section, 
the  beds  c,  e^  c,  are  conglomerates,  the  other  beds  being  parallel  to 
them,  and  the  fine  striss  are  cleavage  planes  striking  with  tiie  beds  to 
the  NJS.,  but  cutting  them  across  in  the  direction  of  the  dip  ;  for  while 
the  beds  undulate  at  various  angles,  the  cleavage  dips  N.W.  at  80"*  or 
86«  from  A  to  B  ;  SJE.  at  80"  to  85**  from  B  to  C  ;  and  80"  to  the  N.W. 
from  C  to  D. 

In  the  Berwyn  chain,  where  the  beds  curve  regularly  round,  from  a 
N  Jl  and  S.W.  strike  along  the  Bala  and  Corwen  valley,  to  an  East  and 
West  strike  along  the  vale  of  Llangollen,  the  strike  of  the  cleavage 
follows  with  equal  regularity,  the  cleavage  planes  dipping  W.  20^  N. 
at  30°  in  the  country  between  Bala  and  Uangynnog,  curving  round  as 
they  approach  Corwen,  and  striking  either  due  E.  and  W.,  or  E.  5°  N. 
and  W.  S**  S.,  on  both  sides  of  the  Dee,  between  Corwen  and  Llangollen, 
with  a  dip  ahnoet  invariably  to  the  North  at  a  high  angle. 

In  a  hill  called  Moel  Faen,  between  Llangollen  and  the  head  of  the 
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vale  of  Clwyd  near  Bwlch  Rhiwfelyn,  the  beds  are  bent  into  a  sjn- 
clmal  curve  bo  as  to  dip  north  on  the  aouth  side,  and  south  on  the 
,  north  Bide  of  tiie  bill ;  vbile  the 

cleavage  preserves  its  steady  dip  to 
the  north  at  about  60",  The  con- 
sequence IB  that  where  the  dip  of  the 
beds  and  that  of  the  cleavage  coin- 
cides, the  rock  makes  admirable 
flags,  which  aro  largely  qoomed, 
while  on  the  other  side,  where  the 
cleavage  crosses  the  bedding,  slate  is 
produced  and  quarried  for  roofing 
purposes. 

The  inclination  of  cleavage  planes 

varies   from   the  perpendicular    to 

^  within  a  few  degrees  of  the  horiion- 

g    tal,  but  has  no  apparent  reference 

%.  to  the  dip  of  the  beds.     Mr.  Sbarpe 

I  gives  10°  to  the  WJJ.W.,  as  the  dip 

■Z   of  the  cleavage  of  the  IHntagel  slate 

^  in  Cornwall.     Round  the  head  of 

i  J   fiantry  Baj,  the  cleavage  planes  are 

!^  *    in  some  places  at  as  low  an  angle 

as  S0°,  in  others  are  perpendicular, 

:    while  they  everywhere  retain  tiie 

same   strike   of  about   RN.E.  and 

WS.W. 

D  Professor  Sedgwick  was  the  first 

~    t«   systematically  observe  and  de- 

1    scribe    the    phenomena    of     slaty 

^    cleavage.     His  observations  will  be 

^    found  in    the    TramaetioTU   of  tht 

^    Geological  Soeieli/,  vol.  iii^   on   TAe 

Structiire  of  large   Mineral   Matut, 

and  also  in  his   Introduction   to   a 

Synoptic  of   the    British    Palaoiaic 

Rocki,  3d  Faacicnlus,  p.  33.     In  the 

latter,  he  p^ves  the  following  as  the 

results  at  which  he  had  arrived : — 

"  1st,  That  the  atrike  of  the 

cleavage   planes,  when  they  were 

well  developed,  and  passed  through 

was  nearly  coincident  wiUi  the  strike  of 
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Sdy  That  the  dip  of  these  planes  (whether  in  quantity  or  direction) 
was  not  regulated  by  the  dip  of  the  beds,  inasmuch  as  the  cleavage 
planes  would  often  remain  unchanged,  while  they  passed  through  beds 
that  changed  their  prevailing  dip  or  were  contorted. 

'^  3d,  That  where  the  features  of  the  country  or  the  strike  of  the  beds 
were  ill  defined,  the  state  of  the  cleavage  became  also  ill  defined,  so  as 
sometimes  to  be  inclined  to  the  strike  of  the  beds  at  a  considerable 
angle. 

<^  4th,  Lastly,  that  in  all  cases  where  the  cleavage  planes  were 
well  developed  among  the  finer  slate  rocks,  they  had  produced  a  new 
arrangement  of  the  minutest  particles  of  the  bed  through  which  they 
pass." 

Origin  of  CUav<ige. — One  of  the  most  striking  effects  of  cleavage 
is  the  distortion  it  produces  on  fossils  or  other  small  bodies  embedded 
in  the  rocks,  lengthening  and  pulling  them,  as  it  were,  in  the  direction 
of  the  cleavage,  and  contracting  them  in  the  opposite  direction.  Relying 
on  these  facts,  which  were  first  distinctly  noticed  by  Professor  Phillips, 
Mr.  Sharpe  attributed  the  production  of  cleavage  to  the  action  of  great 
forces  of  compression  squeezing  the  particles  of  rock  in  one  direction, 
and  lengthening  them  in  the  opposite. — {Quarter!}/  Journal  Geological 
Society y  voL  iii.  p.  87.)  Mr.  Darwin,  also,  from  his  observations  in 
South  America,  formed  similar  ideas  as  to  the  origin  of  cleavage,  and 
speaks  of  cleavage  planes  as  being  probably  parts  of  great  curves,  of 
such  large  radius  as  that  any  portions  of  them  that  can  be  seen  at  one 
view  appear  to  be  straight.  More  recently,  Mr.  Sorby,  resting  on  the 
fact  of  beds  of  sandstone  which  occur  in  slate  being  contorted,  and  their 
dimensions  being  contracted  at  the  sides  and  expanded  at  the  tops  and 
bottoms  of  the  curves,  the  axes  of  which  curves  coincide  in  direction 
with  the  cleavage  planes,  while  the  beds  of  slate  above  the  sandstone 
are  little  or  at  all  bent,  shews  that  the  particles  of  the  slates  must  have 
been  compressed  at  right  angles  to  the  cleavage  planes,  and  lengthened 
along  them,  so  as  to  allow  of  their  being  st^ueezed  into  the  same  con- 
tracted space  as  the  sandstones,  without  much  bending  of  the  surfaces 
of  the  beds.— (See  Neio  Philosophical  Jour )ialy  1853,  vol.  Iv.,  p.  137  ; 
or  LyeWs  Manual,  5th  edition,  p.  611.) 

By  microscopical  examination,  Mr.  Sorby  found  that  the  minute 
particles  of  clay-slate  were  either  lengthened  in  the  direction  of  the 
cleavage  planes,  or  that  those  minute  particles,  which  were  of  unequal 
dimensions,  were  so  re-arranged  as  that  their  longer  dimensions  coin- 
cided with  the  planes  of  the  cleavage.  He  did  not  suppose  that  the 
existence  of  peculiarly  shaped  particles  was  necessary  to  the  production 
of  cleavage,  he  merely  userl  them  as  tests  to  shew  that  the  particles  had 
been  re-arranged  by  the  action  of  the  pressure  to  which  he  attributed 
the  cleavage. 
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Dr.  Tyiidall  subsequently  investigated  the  subject,  and  produced 
perfect  slaty  cleavage  artificially,  in  clay  and  white  wax,  and  other  sub- 
stances, by  subjecting  them  to  pressure  under  conditions  which  allowed 
of  their  expansion  in  directions  at  right  angles  to  the  pressure.  His 
results  are  given  in  the  Philosophical  Magazine^  vol.  zii,  and  in  a 
lecture  to  the  Royal  Institution  now  published  in  the  appendix  to  his 
work  on  Glaciers. 

Professor  Haughton,  in  a  paper  in  the  same  volume  of  the  Philo- 
sophical Magazine,  has  deduced  mathematically  a  value  for  the  com- 
pression of  the  rocks,  from  examining  the  amount  of  distortion  suffered 
by  fossils  in  some  particular  instances  in  consequence  of  this  com- 
pression. 

A  second  cleavage  plane  cutting  across  the  first  at  right  angles,  and 
also  across  the  bedding,  is  described  by  Mr.  Sharpe  in  his  second  paper 
on  cleavage  in  the  Geological  Joumaly  vol.  v.,  p.  3,  and  was  also  long 
before  observed  and  mentioned  by  Professors  Sedgwick,  Phillips,  and 
others.     Mr.  Sharpe  attributes  this  likewise  to  compression. 

Professor  Sedgwick  at  one  time  thought  that  he  could  perceive  a 
tendency  to  a  synmietrical  arrangement  of  the  inclination  of  the  planes 
of  cleavage  with  respect  to  the  axes  of  lines  of  elevation,  the  dip  of  the 
cleavage  being  inwards  on  each  side  of  the  mountain  ranges.  He  after- 
wards, however,  saw  reason  to  abandon  this  conclusion.  Mr.  Darwin 
speaks  of  the  fan-like  arrangements  of  the  cleavage  planes  which  have 
been  described  by  Von  Buch,  Studer,  and  others  ;  and  Mr.  Sharpe  says 
that  this  apparent  fan-like  arrangement  is  due  to  parts  of  two  contiguous 
curves  meeting  where  their  adjacent  sides  become  perpendicular.  But 
we  must  refer  the  reader  to  his  papers  on  this  subject,  in  the  third  and 
fifth  volumes  of  the  Journal  of  the  Geological  Society  before  quoted, 
and  in  the  Philosophical  Transactions  for  1852. 

In  the  Proceedings  of  the  British  Association  for  1856,  will  be 
found  the  first  part  of  a  Report  by  Professor  Phillips  on  this  subject 

It  seems  now  to  be  conclusively  established  that  slaty  cleavage 
which  thus  gives  to  large  parts  of  the  crust  of  the  earth  a  structure 
almost  as  regular  and  symmetrical  as  that  which  determines  the  perfect 
facets  of  a  crystal,  is  the  result  of  the  compression  produced  by  the 
mechanical  forces  which  have  acted  on  those  parts. 

The  slates  which  cover  our  roofs,  or  on  which  as  schoolboys  we  learnt 
to  cypher,  have  been  thus  elaborated.  True  slate,  then,  is  only  to  be 
found  in  districts  which  have  been  thus  forcibly  acted  on. 

Time  of  production  of  Cleavage. — Slate  occurs  chiefly  in  or  near  to 
mountain  chains  or  places  which  have  the  structure  if  not  the  altitude 
of  mountains,  and  is  found  in  all  parts  of  the  world,  and  in  formations 
of  all  geological  age. 

In  the  British  Islands,  indeed,  slate  is  found  almost  solely  in  the 
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PkUsoaoic  locka,  but  tha  Andes  of  Chili  ud  Tom  del  Fnego,  contaiiL 
cl^  slate  of  Cntseeons  age,  and  the  blocJc  iIotM  of  Qlatna  in  Bwitnriand, 
wluch  are  fonned  bj  aa  tnu  a  slatf  oluvage  as  an;  in  Wales,  are  of 
Teomt  TtrtiMTj  age. 

When  ninning  geological  sections  in  North  Wales,  I  was  occanonal^ 
stnick  hy  the  &ct  of  a  sodden  change  in  the  stiike  and  dip  ^  the 
cleavage  occurring  inunediately  after  croasiiig  a  fanlt.  It  seemed  to 
indicate  that  some  of  the  fanlta,  at  least,  had  been  canaed  sabeeqnentljr 
to  the  deavage,  and  that  blocks  of  conntrj  had  been  so  shifted  bjr  the 
dislocations,  that  the  cleavage  planes  no  longer  laj  in  thdr  ongtnal 
positions  with  reqwct  to  the  horiion  and  compass  bearings.  In  making 
obeerrations  on  the  relationa  between  deavage  and  moontain  masse, 
this  is  a  possible   source   of  enor  which  may  have  to  be  goaided 

Surfaet  ditturbatue  of  CUatage  Planet. — ^The  dip  of  the  cleavage, 
eapedsUj,  is  verjr  easily  mistaken,  nnlese  it  be  obsmred  in  very  clear 
and  deep  ezeavationik  Superficial  caUMs  have  &eqnentljr  affected  sod 
mpletely  iavuted  it  to  very  conaideiable  depths,  as  may 
n  in  fig;  70. 
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When  these  superficial  bendings  of  elate  occur  on  steeply  inclined 
ground,  they  may  perhaps  be  referred  to  the  action  of  gravitation  on 
substances  loosened  by  weathering,  or  the  "  weight  of  the  hill "  aa  it 
has  been  called.  In  other  caaen,  their  origin  is  more  obscure,  and  I 
have  seen  one  instance  in  North  Walea,  wliere,  on  the  horizontal  surface 
of  on  isolated  bona  of  tock,  the  slates  were  so  sharply  and  abruptly  bent 
back  and  laid  nearly  flat,  and  partly  consolidated  in  that  position,  as  to 
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give  the  idea  of  its  being  due  to  some  sudden  and  great  force,  such  as 
the  grounding  of  an  iceberg.* 

Foliation, — ^The  technical  meaning  of  this  term  originally  sug- 
gested by  Professor  Sedgwick  in  his  paper  on  the  mineral  structure  of 
large  masses  before  referred  to,  and  since  adopted  by  Mr.  Darwin  in  his 
volume  on  the  Geology  of  S.  America,  is  a  "  separation  into  layers  of 
different  mineral  composition,**  while  cleavage  means  only  a  "  tendency 
to  split "  in  a  mass  of  the  same  composition.  Foliation,  however,  even 
when  it  coincides  with  the  original  lamination  of  a  bed,  is  nevertheless 
a  superinduced  structure. 

In  examining  a  specimen  of  a  true  schist  or  foliated  rock,  and  com- 
paring it  with  one  of  shale  made  of  the  same  materials,  arranged  in 
laminaB  merely  by  the  act  of  deposition,  the  difference  is  at  once  percep- 
tible, although  it  is  not  easily  described  in  words. 

In  a  ^  foliated  *'  metamorphic  rock,  such  as  mica  schist  or  gneiss, 
the  different  minerals  are  more  perfectly  separated  from  each  other, 
and  each  mineral  has  more  of  its  particles  blended  together  into  con- 
tinuous plates  (folia),  than  in  an  unaltered  sandstone  or  shale  in  which 
the  particles  exist  as  distinct  grains  or  flakes.  The  whole  of  a  foliated 
rock  has  a  firmer  texture,  and  a  cleaner  and  much  more  glistening  and 
crystalline  aspect,  and  the  foliated  structure  is  sometimes  carried  out  to 
the  extent  of  making  actually  crystalline  layers.  Sometimes  even  large 
distinct  crystals  of  one  or  other  mineral  traverse  the  folia,  and  occasion- 
ally the  foliation  is  more  or  less  lost  in,  and  obliterated  by,  the  develop- 
ment of  the  cr}'stalline  structure.  The  so  called  protogine  of  the  Alps, 
seems  to  be  an  example  of  the  latter  case,  which  often  becomes  nothing 
more  than  a  bed  of  a  species  of  granite,  with  a  coarse  "  grain,"  parallel 
to  its  upper  and  lower  surfaces,  and  to  the  adjacent  beds  of  the  less 
intensely  altered  rocks. 

The  foliation  of  the  schists  appears  in  many  cases  to  coincide  with 
the  planes  of  cleavage,  and  thus  to  be  arranged  in  parallel  layers  over 
lai|5e  districts  with  a  strike  and  dip  altogether  independent  of  the 
original  lamination  and  stratification  of  the  rocks. 

Professor  Sedgwick  is  of  opinion  that  the  foliation  usually  coincides 
with  the  cleavage,  and  is  merely  a  further  development  of  the  same 
process,  an  opinion  in  which  he  is  supported  by  Mr.  Darwin  and  the 
late  Mr.  Sharpe. 

Professor  Sedgwick,  in  speaking  of  cleavage,  says,  that  the  cleavage 
lamina  "are  coated  over  with  chlorite  and  semi-crystalline  matter, 
which  not  merely  define  the  planes  in  question,  but  strike  in  parallel 
flakes  through  the  whole  mass  of  the  rock." 

*  Withoat  intending  to  impeach  the  aocoracy  of  any  recorded  obeervations,  I  yet  cannot 
feel  sure  that  many  even  of  my  own  registered  obsen'ations  on  cleavage  in  different  locali- 
ties may  not  be  afflicted  by  errors  of  the  kinds  alloded  to  above. 
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Mr.  Iktnmiiii%  OkmrvaJUfnu  <m  tlu  JMiation  of  &  Ameriea, — Mr. 
Duwin,  in  the  6th  chiqiter  of  hia  Geological  ObservationB  on  South 
Amwrifai,  has  acme  exeellent  lemariu  upon  thia  subject  He  says  (p. 
163) — ^  The  fiust  of  the  deavage-lamince  in  the  day  slate  of  Tiena  del 
Fu^gOy  when  seen  eatting  straight  through  the  planes  of  stratification, 
dilBning  sli^^y  in  colour,  texture,  and  hardness,  appears  to  me  very 
interesting.*  He  ohserred  in  Chili,  ^some  distinct  thin  layers  (^ 
epidote,  parallel  to  the  highly  inclined  cleavage  of  the  mass."  He  then 
goes  on  to  remark,  with  respect  to  the  foliation,  <<  as  in  the  case  of 
deavage-lamiliBB,  the  folia  preserve  over  very  large  areas  a  uniform 
strike,  thus  Humboldt*  found  for  a  distance  of  300  miles  in  Venezuela, 
and  indeed  over  a  mudi  larger  space,  gneiss,  granite,  mica,  and  day- 
date,  striking  very  uniformly  N  JB.  and  S.  W.,  and  dipping  at  an  angle 
of  between  60^  and  70^  to  N.W.> — ^it  would  even  appear  from  the  fiiicts 
ghren  in  this  chapter,  that  the  metamorphic  rocks,  throughout  the 
notth-eastem  parts  of  South  America,  are  generally  foliated  within  two 
points  of  NJB.  and  S.W.  Over  the  eastern  parts  of  Banda  Qrientd,  the 
foliation  strikes  with  a  high  inclination  very  uniformly  NJ^Jl  to  &S.W., 
and  over  the  western  parts  in  a  W.  by  K,  and  E.  by  S.  line.  For  a 
space  of  300  miles  on  the  shores  of  the  Chonos  and  Oiiloe  Islands,  the 
foliation  seldom  deviates  more  than  a  point  of  the  compass,  from 
a  N.  19°  W.,  andS.  19°  R,  strike.''  He  then  proceeds  to  state,  that  the 
angle  of  the  dip  in  the  foliated  rocks  is  generally  high,  but  variable, 
sometimes  on  one,  sometimes  on  the  other  side  of  the  line  of  strike,  and 
sometimes  vertical,  and  then  says — 

''On  the  flanks  of  the  mountains,  both  in  Tierra  del  Fuego  and 
other  countries,  I  have  observed  that  the  cleavage  planes  frequently  dip 
at  a  high  angle  inwards ;  and  this  was  long  ago  ol^rved  by  Yon  Buch, 
to  be  the  case  in  Norway ;  this  fact  is  perhaps  analogous  to  the  folded 
&n  like,  or  radiating  structure  in  the  metamorphic  schists  of  the  Alps,t 
in  which  the  folia  in  the  central  crests  are  vertical,  and  on  the  two 
flanks  inclined  inwards. 

*^  Where  masses  of  fissile  and  foliated  rocks  alternate  together,  the 
deavage  and  foliation,  in  all  cases  which  I  have  seen,  are  paralld. 
Where,  in  one  district  the  rocks  are  fissile,  and  in  another  adjoining 
district  they  are  foliated,  the  planes  of  deavage  and  foliation  are  likewise 
generally  parallel." 

He  sums  up  his  observations  as  follows — ^^  Seeing  then,  that  foliated 
schists  indisputably  are  sometimes  produced  by  the  metamorphosis  of 
homogeneous  fissile  rocks;  seeing  that  foliation  and  deavage  are  so 
closely  analogous  in  the  several  above  enumerated  respects ;  seeing  that 
some  fissile  and  almost  homogeneous  rocks  shew  incipient  mineralogical 

•  Personal  Narrative,  vol.  vi.,  p.  691,  et  seq. 
t  Stoder,  in  Edln.  New  Phil.  Journal,  vol.  xxiiL,  p.  144. 
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changes  along  tlie  planes  of  their  cleavage,  and  that  other  rocks  with  a 
fissile  structure  alternate  with,  and  pass  into  varieties  with  a  foliated 
structure,  I  cannot  doubt  that  in  most  cases  foliation  and  cleavage  are 
parts  of  the  same  process ;  in  cleavage  there  being  only  an  incipient 
separation  of  the  constituent  minerals,  in  foliation  a  much  more  com- 
plete separation  and  crystallization." — /J.,  pp.  166-6. 

Mr.  Darwin  afterwards  seems  inclined  to  refer  some  of  the  apparent 
stratification  of  metamorphic  schists,  or  their  separation  into  alternating 
beds  of  difierent  mineral  composition,  to  a  still  further  development  of 
the  foliating  process,  though  he  of  course  does  not  extend  this  so  far  as  to 
include  the  production  of  **  thick  beds  of  marble,**  or  other  distinct  rock. 

Difference  between  Cleavage  and  FoUatimi, — It  would  be  with 
unaffected  diffidence  that  I  should  venture  to  differ  from  such  a  high 
authority  as  Mr.  Darwin,  more  especially  on  a  point  in  which  he  agrees 
with  my  own  old  master  and  teacher,  ftx)fessor  Sedgwick,  nevertheless, 
I  think  that  the  connection  between  cleavage  and  foliation  is  made  too 
close  in  the  passages  above  cited.  If  cleavage  be  the  result  of  mere 
mechanical  pressure,  as  seems  to  be  now  proved,  it  is  apparently 
impossible  that  foliation  'can  be  so  produced.  A  mechanical  force  may 
readily  communicate  a  mechanical  texture  or  structure  to  a  mass  of 
rock,  but  it  seems  impossible  to  suppose  it  capable  of  producing  an 
alteration  in  the  mineml  composition  of  its  particles. 

It  appears  to  me  that  the  connection  between  cleavage  and  foliation, 
in  such  cases  as  those  mentioned  by  Mr.  Darwin,  is  an  accidental  rather 
than  a  necessary  one.  K  rocks  already  cleaved  are  acted  upon  by  any 
agency  tending  to  metamorphose  them,  and  rearrange  their  particles  in 
separate  folia,  it  is  probable  that  in  some  cases  that  rearrangement 
may  take  place  along  the  cleavage  planes,  and  in  others  along  those  of 
original  lamination. 

It  may  even  happen  that  in  some  districts  both  cases  may  occur, 
and  both  perhaps  may  be  mingled  in  such  a  way  as  not  to  be  readiJly 
distinguishable,  where  the  metamorphism  has  become  very  complete. 
Moreover,  since  the  cleavage  planes  usually  strike  with  the  principal 
axis  of  elevation,  and  the  beds,  especially  when  they  approach  the 
vertical  position,  have  necessarily  the  same  general  strike,  it  follows 
that  the  cleavage  and  foliation  must  necessarily  be  generally  parallel  to 
each  other,  whether  the  folia  coincide  with  the  cleavage  or  the  strati- 
fication. Observations  as  to  the  vast  thickness  of  such  groups  of  rock 
nuiy  often  be  deceptive,  since  concealed  anticlinal  and  synclinal  curves 
frequently  occur  in  them,  the  beds  being  either  vertical  or  inclined  in 
the  same  direction,  on  account  of  one  or  the  other  side  of  the  curves 
being  inverted,  and  the  folds  often  sharp,  and  either  not  occurring  just 
at  the  present  surface,  or  occurring  in  places  where  the  rocks  do  not 
happen  to  be  exposed  at  the  surface. 
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DlBtricts  where  the  metamorphic  action  has  been  veiy  great  and 
very  widely  spread,  such  as  those  of  S.  America,  of  the  Highlands  of 
Scotland,  of  Scandinavia  or  the  Central  Alps,  may  be  less  instructive 
than  others,  where  the  alteration  having  taken  place  to  a  less  extent, 
and  on  a  smaller  scale,  its  nature  may  be  the  more  readily  grasped. 

Cleaved  and  Foliated  Rocks  of  the  Leinater  district, — Such  a  district 
we  have  in  the  south-east  of  Ireland,  where  one  great  mass  of  granite 
has  been  intruded  into  the  clay  slates  of  the  district,  forming  a  con- 
tinuous range  of  granite  hills  &om  Dublin  Bay  to  the  neighbourhood 
of  New  Ross,  a  distance  of  70  miles.  Between  this  range  and  the 
coast,  other  smaller  intrusive  bosses  of  granite  make  their  appearance 
at  the  surface  through  the  clay  slate  rocks.  The  clay  slates  are  dark- 
gray,  blue,  or  black,  but  sometimes  pale-green,  or  greenish-gray,  with 
occasinally  red  or  purple  bands.  They  are  generally  of  a  dull  earthy 
texture,  and  without  lustre.  Small  bands  of  gray  siliceous  grit  fre- 
quently occur  in  them. 

Wherever  the  granite  comes  to  the  surface,  a  belt  of  slates  surround- 
ing it  is  converted  into  mica  schist,  with,  in  some  few  places,  beds  of 
perfect  gneiss.  Crystals  of  garnet,  schorl,  andalusite,  staurolite,  etc., 
make  their  appearance  in  these  altered  slates  in  greater  and  greater 
abundance  as  they  approach  the  granite.  The  width  of  the  metamor- 
phosed belt  is  generally  proportioned  to  the  size  of  the  granite  mass 
which  it  surrounds.  Bound  the  smaller  granite  bosses  it  is  sometimes 
not  more  than  50  yards  wide ;  round  the  main  granite  mass  it  some- 
times reaches  to  two  miles.  It  matters  not  through  what  part  of 
the  slate  rocks  the  granite  rises,  or  which  beds  strike  towards  the 
granite  ;  they  are  all  found  to  be  aflfected  in  the  same  way  as  they 
approach  it. 

In  going  towards  the  main  granite  ridge,  it  is  found  sometimes  at  a 
distance  of  two  miles  from  the  outcrop  of  the  granite  (which  is,  how- 
ever, much  nearer  probably,  in  a  vertical  direction),  that  the  slates  have 
acquired  a  "  glaze,"  as  it  were,  or  micaceous  lustre,  with  a  soapy  feel. 
This  lustre  is  apparent  throughout  the  mass  when  the  slates  are 
broken,  and  even  when  they  are  ground  down  into  sand  or  powder. 
This  nucaceous  appearance  increases  as  we  approach  the  granite,  till  at 
last  distinct  plates  and  folia  of  mica  are  to  be  seen,  and  the  whole 
assumes  the  ordinary  character  of  mica  schist,  occasionally  passing  into 
a  kind  of  gneiss. 

Together  with  the  micaceous  lustre  on  the  surface  of  the  slates,  the 
rocks  often  assume  the  puckered  and  corrugated  structure  of  mica 
schist.  I  at  one  time  thought  that  this  corrugated  structure  might  be 
a  metamorphic  one,  like  the  foliation ;  but  on  examining  localities 
where  small  bands  of  siliceous  grit  were  intcrstratified  with  the  slates, 
I  found  these  grit  bands  to  be  equally  corrugated  and  puckered.     The 
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BtructtiFe,  then,  must  be  ascribed  simply  to  a  meclianical  force  compres- 
sing the  rock  laterally. 

In  the  great  majority  of  instances,  the  folia  of  the  mica  schist^ 
whether  straight  or  puckered,  are  certainly  parallel  to  the  grit  bands, 
and  therefore  to  the  original  lamination  and  stratification  of  the  rock. 
In  these  instances,  the  micaceous  folia  are  largest  and  best  developed. 
In  one  case,  however,  the  foliation  seemed  to  run  across  the  bedding, 
coinciding  apparently  with  the  cleavage,  as  remarked  by  Professor 
Ramsay  in  a  similar  case  in  North  Wales.  In  this  instance,  the  mica- 
ceous folia  were  short  and  discontinuous,  being  apparently  interrupted 
by  the  changes  of  texture  or  composition  in  the  original  lamination  of 
the  rock. 

Some  of  the  beds  of  gneiss  in  this  district  are  obviously  beds  of 
sandstone,  originaUy  interstratified  with  the  shales,  the  rocks  having 
all  the  appearance  of  interstratified  beds  of  shale  and  sandstone  at  a 
distance,  and  until  they  are  broken  open  and  foimd  to  be  perfect  mica 
schist  and  gneiss.  Other  gneiss  beds  are  massive  and  thick-bedded, 
and  contain  large  crystals  of  feldspar  (apparently  orthoclase)  becoming 
quite  porphyritic  and  completely  mineralized,  but  still  having  a  folia- 
tion })arallel  to  what  is  apparently  the  original  stratification  of  the  mass, 
which  in  one  conspicuous  instance  (near  Graiguenamanagh)  is  nearly 
horizontaL — (See  ExjyUxnathn  of  sheets  147  and  167  of  the  Geological 
Ma])s  of  Ireland.) 

In  this  instance,  then,  the  foliation  was  clearly  developed  along  the 
lamination  of  the  rocks,  and  had  only  an  occasional  and  accidental 
connection  with  the  cleavage. 

Good  slaty  cleavage  was  observed  in  the  clay  slates  immediately 
outside  of  the  metamorphosed  band  in  one  or  two  places,  without  shew- 
ing any  apjiearance  of  foliation  ;  and  not  differing  from  the  slaty 
cleavage  seen  at  a  distance  from  the  granite. 

I  can,  however,  conceive  it  quite  possible  that  if  the  south  of 
Ireland  generally  were  to  be  greatly  depressed  into  the  crust  of  the 
earth  and  deeply  buried  under  other  deposits,  so  as  to  be  brought 
within  the  influence  of  a  widely  spread  action  of  metamorphism,  instead 
of  the  mere  local  action  of  the  granite,  that  a  foliation  might  be  pro- 
duced in  many  parts  of  it  coinciding  with  the  cleavage  which,  as 
before  remark^!,  is  constant  to  a  strike  of  K  25®  N.  and  W.  26°  S. 
across  the  island  from  one  side  to  the  other.  When  again  elevated  and 
exposed  by  denudation,  the  rocks  might  then  resemble  those  of  South 
America  in  the  approximate  parallelism  of  their  stratification,  cleavage, 
foliation,  and  axes  of  mountain  chains. 

Relations  between  Gneiss  and  Granite, — ^When  treating  of  the  litholo- 
gical  characters  of  gneiss  and  granite,  an  occasional  diffictdty  was  men- 
tioned in  the  distinction  between  them.     Some  gneiss,  that  is  to  say. 
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•ome  metemaipliowd  ngUQacecnu  or  micaceong  sandstoney  acquires  a 
lithological  itnietnTe  aiid  teztnie  exactly  leBembling  that  of  giaidte. 
Some  granite  on  the  oihfir  hand,  that  is,  some  nnatratified  and  intnifliye 
maM  ecnudating  of  a  crfitalline  gianular  aggregate  of  feldspar,  mica,  and 
qoartiy  haa  its  eomponenta  in  some  parts  arranged  with  a  certain 
pagallelimn,  so  as  to  assome  a  laminated  and  quasi-foliated  teztoie,  so 
that  Hthologieally  it  ia  imdistingnishable  from  gneiss.  It  is  doubtless 
JinpoaaiMe  in  meie  specimens,  or  even  in  m^re  blocks  of  a  yard  or  two 
In  diameter,  to  distingaish  between  granitoid  gneiss,  and  gneissoee 
gnautei  The  distinction  can  only  be  perceived  when  their  petrological 
nktuna,  that  la,.  their  mode  of  occurrence  and  their  relations  to  the 
aonounding  xoeks  are  examined.  No  true  gneiw  can  send  intrusive 
▼elna  into  the  sunounding  rocks,  no  true  granite  will  occur  in  regular 
bedi  intenrtntified  with  other  rocka  It  may,  sometimes,  when  a 
■aftaent  expomxe  of  the  rocks  cannot  be  found,  be  difficult  to  deter- 
mine with  respect  to  any  band  of  granitic-looking  rock,  whether  it  be 
part  of  a  bed  or  part  of  a  vein.  No  conclusions  should  ever  be  drawn 
from  such  uncertain  fflwwt 

I  believe  that  the  difficulty  felt  by  many  continental  geologists,  of 
the  highest  reputation,  in  drawing  a  distinction  between  gneiss  and 
granite,  antes  from  their  laying  too  much  stress  on  the  exact  mineral 
chammriBtics  and  chemical  compoBition  of  the  rocks,  trusting  too  much 
to  laboratory  and  museum  work,  and  not  studying  their  relations  in  the 
Juldf  or  not  sufficiently  relying  on  their  field  observations  and  the 
conclusions  to  be  drawn  from  them,  when  those  appear  to  be  at  variance 
with  the  conclusions  of  the  chemist  and  mineralogist. 

An  excellent  note  on  the  coincidence  between  stratification  and 
foliation  in  the  Highlands  of  Scotland,  by  Sir  R  L  Morchison,  and  A.. 
Geikie,  Esq.,  appeared  as  this  chapter  was  being  sent  to  the  printer,  in 
the  17th  vol.  of  the  Journal  of  the  QeoL  Soc.,  London,  part  2. 


CHAPTER   XV. 

DENUDATION. 

Ws  have  now  considered  the  general  effects  of  disturbing  forces  in 
elevating  aqueous  rocks  from  the  bottom  of  the  sea  into  diy  land,  so 
far  as  regards  the  new  positions  into  which  these  rocks  have  been 
thrown,  and  the  divisional  planes  and  dislocations  which  have  been 
produced  in  them.  We  have,  however,  yet  to  study  some  other  of  the 
less  immediate  results  of  this  elevation. 

Denudation  already  tacitly  assumed, — ^The  erosive  action  of  the 
sea-breakers,  tides,  and  currents,  along  the  margin  of  the  land,  and  that 
of  the  atmospheric  agencies  over  its  whole  sur&ce,  has  been  previously 
alluded  to.  In  treating  of  the  formation  of  mechanically  formed 
aqueous  rocks,  we  liave  tacitly  assumed  the  fact  of  great  disinteCTation 
and  erosion  of  previously  existing  rock,  in  order  to  afford  the  materials 
of  which  these  mechanically  formed  rocks  were  composed.  It  is  impoe- 
sible  for  rock  to  be  raised  from  beneath  the  sea  through  the  destructive 
plane  of  the  sea  level,  without  suffering  loss  in  the  process,  that  loss 
being  greater  in  proportion  to  the  slowness  of  the  movement,  or  the 
length  of  time  every  successive  horizontal  margin  of  ground  is  kept 
within  the  influence  of  the  waves.  It  is  equally  impossible  for  rock  to 
exist  as  dry  land  without  suffering  loss  from  the  action  of  the  atmo- 
spheric agencies,  that  loss  also  being  proportionate  to  the  length  of  time 
it  remains  above  the  sea  exposed  to  their  influence.  We  are  naturally 
apt  to  underrate  the  amount  of  these  erosive  agencies,  because  we  see 
them  to  be  small  in  any  periods  of  time  during  which  we  can  observe 
them,  or  have  them  recorded  in  history.  It  is  just  as  natural,  on  the 
other  hand,  when  we  look  at  the  magnitude  of  the  results,  for  us  to 
suppose  that  the  agencies  which  were  formerly  in  existence,  were  much 
more  powerful  and  destructive  than  those  we  now  see  around  us. 
When,  however,  we  come  to  reason  on  the  matter,  we  find  it  ver}' 
difficult  for  any  one  to  imagine  what  these  agencies  could  have  been  if 
they  are  altogether  different  from  ^*  existing  causes ;"  and  equally 
difficult  for  any  one  to  suppose  existing  agencies  to  have  ever  acted 
with  much  greater  intensity  than  at  present,  unless  we  assume  the 
general  physical  laws  of  the  world  (not  to  say  of  the  universe)  to  have 
been  different  horn  what  they  are  now.     It  would  seem  to  be  necessary 
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for  instance,  to  suppose  the  laws  of  the  attraction  of  gravitation,  and 
the  attraction  of  cohesion,  to  have  been  different  from  what  they  now 
are,  if  we  are  to  imagine  either  that  the  erosive  powers  of  water,  and 
the  magnitude  and  force  of  waves  on  the  one  side,  or  the  disturbing 
effect  of  the  expansion  from  heat  on  the  other,  produced  greatly 
different  effects  from  those  which  they  now  produce.  Because  such  is 
the  balance  between  the  power  and  the  results  of  all  the  physical  laws 
and  forces  that  now  act  upon  the  globe,  that  it  seems  scarcely  possible 
to  imagine  any  change  in  one  without  a  corresponding  change  in  all  the 
rest.  But  a  change  in  these  laws  would  also  involve  a  corresponding 
alteration  in  the  form  and  structure  of  organic  beings.  If,  therefore, 
the  forces  of  denudation  had  ever  been  materially  different  from  what 
they  are  now,  the  size  of  fragments,  the  modes  of  accumulation,  and 
the  size  and  structure  of  fossil  animals  and  plants,  would  all  have 
shewn  traces  of  that  difference.  Now,  no  such  general  adaptation  to 
altered  circimistances  is  apparent  in  either  the  minerals,  the  rocks,  or 
the  fossils  of  any  part  of  the  earth's  crust  at  whatever  period  it  was 
produced.  There  appears,  then,  to  be  far  more  extravagance  in  assum- 
ing such  great  and  sweeping  changes  to  have  passed  over  the  world, 
without  leaving  unmistakeable  signs  of  their  occurrence,  than  in  merely 
allowing  the  time  during  which  existing  causes  have  acted  to  be  inde- 
finitely extended. 

We  shall  therefore  take  it  for  granted,  in  accordance  with  the  tenets 
of  the  Lyellian  philosophy,  that  all  geological  effects  are  due  to  causes 
such  OS  are  now  acting  in  some  portion  of  the  globe  or  other,  or  to 
some  modification  and  combination  of  those  causes,  such  as  we  may 
reasonably  suppose  to  take  place  now  and  again  in  the  course  of  the 
earth's  history. 

The  amount  of  Erosion  must  he  at  least  as  great  as  that  of  Depo- 
sition,— ^To  estimate  aright  the  lapse  of  geological  time,  the  observer, 
when  he  glances,  for  instance,  at  the  bed  of  the  mountain  torrent,  and 
sees  it  encumbered  with  blocks  and  boulders,  against  which  the  stream 
is  continually  fretting,  must  look  forward  to  the  period  when  this  friction 
of  the  waters  shall  have  worn  down  the  rocks  into  fine  sand  or  mud, 
and  carried  them  onward  to  the  ocean  ;  and  recollect  that  such  a  period 
is  but  one  second  of  geological  time,  one  beat  of  the  geological  clock, 
and  the  result  of  such  an  action  but  one  stroke  of  the  geological  hammer, 
under  whose  repeated  blows  the  very  mountains  themselves  shall  ulti- 
mately be  '*  removed  and  cast  into  the  sea."  He  must  be  prepared  to  attri- 
bute to  such  seemingly  insignificant  and  slowly  acting  causes,  whether  of 
the  river  or  the  bret^crs  of  the  sea,  all  the  precipitous  vaUeys  and  ravines 
of  mountain  chains,  all  the  erosion  of  rock  which  gives  to  elevated 
land  its  cliffs  and  precipices,  its  hollowed  and  indented  surface ;  and  yet 
greater  effects  even  tham  these,  inasmuch  as  the  very  low  lands  them- 
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selves  are  in  some  cases  low  only  in  consequence  of  mountains  having 
been  removed  from  them.  Lyell  long  ago  shewed  that  the  amount  of 
such  denudation  is  to  be  exactly  measured  by  the  quantity  of  the 
mechanically  formed  aqueous  rocks,  and  as  our  present  lands  shew  us 
vast  sheets  of  sandstones  and  clays,  hundreds  and  thousands  of  feet  in 
thickness,  and  himdreds  and  thousands  of  square  miles  in  extent ;  and 
as  every  particle  of  these  enormous  masses  of  rock  is  the  result  of  the 
erosion  of  previously  existing  rock,  it  follows  that  the  amount  of  denu- 
dation must  have  been  just  as  great  as  that  of  deposition.  Just  as 
when  we  see  a  large  building,  we  know  that  a  hole  or  quarrj'-  must 
have  been  made  somewhere  in  the  earth,  equal,  at  least,  to  the  cubical 
contents  of  the  solid  parts  of  that  building  ;  so,  when  we  see  a  vast 
mass  of  mechanically  formed  aqueous  rock,  we  must  feel  assured  that  a 
gap  was  made  somewhere  in  the  surface  of  the  earth  equal  to  the  solid 
contents  of  those  rocks. 

Denudation  is  the  production  of  successive  new  Surfaces, — This 
erosion  of  previously  existing  rock,  and  carrying  away  of  the  materials, 
so  as  to  expose  a  fresh  surface,  is  known  to  geologists  under  the 
technical  term  of  Denudation  ;  a  word  which  refers  rather  to  the  fact 
that  a  new  surface  has  been  laid  bare,  than  to  the  bulk  of  the  matter 
removed  for  the  purpose,  or  the  means  employed  to  effect  it.  The  word, 
however,  is  none  the  less  applicable  on  that  account,  especially  if  we 
look  on  the  action  as  one  by  which  new  surfaces  are  produced  {i,e,,  laid 
bare)  from  time  to  time  one  after  the  other  over  the  same  area. 

All  the  dry  land  of  the  globe  has  been  at  one  time  or  another 
beneath  the  sea,  and  the  great  majority  of  it  consists  of  beds  of  rock 
formed  under  the  sea.  The  cases,  however,  in  which  those  beds  remain 
unchanged  in  everything  except  mere  level,  are  ver}'  rare  indeed. 
They  have  almost  always  been  tilted,  from  having  been  lifted  higher  in 
one  part  than  in  another,  and  the  uppermost  beds,  or  those  last  formed 
beneath  the  sea,  have  almost  invariably  been  eroded,  and  more  or  less 
of  them  destroyed  and  removed.  The  only  cases,  probably,  in  which  we 
get  for  the  surface  of  ground  the  origincd  unabraded  surfaces  of  depo- 
sition, are  in  deltas  and  the  alluvial  flats  of  rivers,  or  in  marshes  and 
lagoons,  whether  of  salt  or  freshwater  origin,  and  channels  are  often  cut 
even  in  these  by  floods  or  other  irregular  action  of  moving  water.  In 
the  space  left  bare  at  low  water  on  the  margin  of  the  sea,  we  perceive 
undulations  of  surface  resulting  not  merely  from  irregularities  in  the 
accumulation  of  materials,  but  also  from  the  erosive  action  of  tides  and 
currents.  The  bottom  of  the  sea  is,  indeed,  anything  but  a  dead  flat,  as 
we  may  see  by  the  soundings  marked  on  charts,  and  the  banks  and 
hollows  in  the  bottom  are  more  or  less  due  to  irregularities  in  the 
accumulation  of  materials,  but  no  part  of  the  sea  bottom  could  be 
raised  so  as  to  stand  for  a  time  between  high  and  low-water  mark, 
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withont  having  ibi  miitaee  modified  ia  »ODie  way  b;  the  breakers  or 
tidal  durenta,  and  that  surface  would  be  atill  farther  modtiied  if  it 
■honld  be  subaeqnentlf  raised  above  hi^h-water  mark  iuto  dry  land. 
Eren  with  respect  then  to  the  most  recently  formed  beds,  anil  those 
still  retaining  tlieir  origiiml  horizontality  al^r  elevation,  the  aurfoce 
wonld  undergo  some  change  in  jHtssing  from  a  permanent  t^cn-Lottom 
into  permanently  dry  land. 

Bat  with  respect  to  still  older  rocks,  tiiiii  modification  of  surface  is 
carried  out  to  a  greater  and  greater  extent,  both  in  consequence  of  their 
having  sotCered  from  sea  erosion  or  atmospheric  du^Tadutiun,  for  much 
longer  periods,  and  also  in  many  cases  because  they  have  been  both 
elevated  and  depressed  more  than  once  so  as  to  have  been  fiubiuitted  to 
repetitions  c^  the  processes,  those  repetitions  naturally  tending  for  the 
most  part  to  render  more  marked  features  once  impressed,  to  deepen  tbu 
hollows  of  the  land,  or  cut  fjirther  bock  iuto  it,  so  as  to  make  the  slopes 
ateeper  and  the  cliOs  loftier,  until  at  last  the  very  substance  of  the 
giwmd  so  acted  on  disappean  imder  the  process. 

The/orm  of  all  Orvatid  fi  a  tculptared  form. — The  form  then  of  all 
ground  is  a  graven  or  sculplurcd  fonn  wirved  out  of  rockri,  whedier 
hard  or  soft,  by  the  action  of  the  upper  jiart  of  the  ocean,  and  by  tlie 
rivera  and  the  weather.  These  inntrunients  combine  to  form  the  great 
surfoce-cirving  machineiy,  iind  the  dii^turbiiig  force  residing  in  the 
interior  of  the  earth  is  the  p[)wcr  which  thrusU  tipwordit  rock,  so  as  to 
liring  it  under  the  action  of  this  mnchinery  duri:ig  elevation,  or  with- 
draws it  from  its  influence  for  a  time  by  depntssion,  now  materials  being 
often  plastered  over  the  old  surface  during  the  latter  period,  which  are 
in  turn  pushed  up  to  be  tliem»;lves  carved  Into  shape. 

The  surface  then  of  any  land,  or  the  form  of  the  ground,  is  in  every 
case  (except  in  volcanic  masses  recently  ejected,  or  in  audi  iustances  as 
blown  sand)  the  result  of  the  joint  action  of  elevation  and  deniulation, 
the  elevating  process  being  only  efficient  as  bringing  the  rock  within  the 
reach  of  the  denuding  action,  and  never  itself  producing  any  direct 
effect  on  the  form  of  the  ground. 

7W  Hilda  of  HilU,  those  of  Ciitanulfnudntion,  and  thoie  of  l'j>- 
tilling. — No  mounlain  ot  hill  is  anywhere  known  that  can  be  shewn  to 
have  been  formed  by  any  upliflitig  action  of  any  kind  wluitevcr,  subse- 
quently to  the  production  of  its  o»-n  surface  and  tlie  surface  of  the 
surrounding  ground.  If  we  except  vcdcanic  hills,  and  liills  like  sand 
dunes,  we  may  say  that  all  hills  and  luountaiiis  arc  one  of  two  kinds, 
hills  of  circumdenudation  or  liilli  of  uiitilting. 

mill  of  SimpU  Circumdtnvdution  are  mosses  of  liigh  ground  whose 
bases  are  formed  of  the  same  rocks  as  the  adjacent  low  lauds  are  fiirmed 
of,  while  their  upper  parts  are  not  to  be  found  in  the  immediate  low 
lands.     The  high  ground  coumbU  of  the  parts  that  have  been  spored  by 
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the  denuding  action  which  has  removed  the  continuation  of  those  parts 
from  above  the  surface  of  the  low  lands. 

Fig.  7 1  is  a  diagram  intended  to  explain  what  is  meant     It  will  be 
seen  by  reference  to  it  that  the  hills,  whether  fonned  of  horizontal  or 


Pig.  71. 
HillB  of  Circumdenadation. 


inclined  beds,  rest  on  beds  which  run  also  below  the  surroimding  low 
ground,  while  the  higher  beds  of  each  hill  are  not  found  beneath  the 
low  lands  surroimding  it 

This  character,  however,  is  not  confined  to  hills  made  of  stratified 
rocks,  or  to  hills  having  the  precise  form  represented  in  the  diagram, 
iigl  71,  which  is  merely  intended  to  represent  some  particular  instances 
of  a  general  principle. 

HilU  of  uptiltingy  on  the  other  hand,  are  hills  not  because  of  the 
denudation,  but  in  spite  of  it 

The  denudation  has  been  carried  out  farther  on  the  high  ground 
than  the  low,  and  most  completely  of  all,  perhaps,  on  the  very  highest 
summits,  which  are  often  formed  by  the  lowest  of  all  the  beds  which 
succeed  in  reaching  to  the  surface  anywhere  in  the  vicinity. 

The  rocks  have  been  thrust  up  highest  in  the  central  parts  of  the 
mountains,  but  as  soon  as  the  rocks  there  began  to  appear  at  or  above 
the  level  of  the  sea,  the  denuding  forces  commenced  to  act  upon  them 
and  destroy  them.  As  the  uptilting  force  continued,  bed  after  bed  was 
removed  from  off  these  central  parts,  and  lower  and  lower  rocks  con- 
tuiually  exposed  to  view  ;  the  parts  of  the  beds  that  were  spared  by 
the  denudation  being  in  this  case  those  that  form  the  low  grounds. 

The  diagram,  fig.  72,  will  help  to  explain  this  action,  and  to  shew 


Fig.  72. 
Hills  of  UptUting. 

what  is  meant  by  ''  hiUs  of  uptilting"  compared  with  '*  hills  of  dr- 
cumdenudatiou.** 

Denudation  may  have  been  equally  active  in  botb  cases,  or  even 
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moie  eztenaiTe  in  the  **  itptilted''  than  the  other  caie,  but  the  com- 
paiative  elevation,  or  the  hilly  fonn  of  the  ground,  is  in  the  one  caused 
chiefly  by  the  denudation  of  the  surrounding  parts,  while  in  the  other 
case  the  hills  are  not  nearly  so  lof^  as  they  would  have  been  if  the 
denudation  had  not  existed. 

All  the  great  mountain  chains  of  the  world,  and  many  of  the  smaller 
ones,  belong  to  the  dass  here  spoken  of  as  hills  of  uptilting. 

VaUejfs^  OUntj  and  Bavines,  always  caused  by  denudation, — ^Valleys 
of  all  kinds,  except  one  class  to  be  mentioned  subsequently  among  vol- 
canoes, are  valleys  of  dmple  denudation.  They  have  always  been 
eroded  or  worn  by  the  action  of  moving  water  gradually  cutting  away 
rock  from  between  the  higher  grounds. 

The  valleys  fonnerly,  and  still  sometimes,  spoken  of  as  ''  valleys  of 
elevation,"  and  valleys  of  fracture,  if  by  that  teim  be  meant  valleys 
formed  solely  or  chi^y  by  the  violent  opening  or  gaping  of  the  ground 
upwards,  have  no  existence  in  nature. 

Even  among  the  most  violently  disturbed  and  contorted  mountain 
chains,  the  most  rugged  chasms  and  ravines  can  in  no  case  be  shewn  to 
have  been  the  result  of  such  surface  fracture  of  the  ground,  but  are  in 
all  cases  the  result  of  the  erosion  of  moving  water,  and  are  caused  by 
some  form  of  the  action  here  spoken  of  as  denudation. 

Action  of  denudation  provtd  by  outcrop  of  Beds  {especially  over  Con- 
tortions) by  Escarpments^  and  by  Outliers, — ^The  action  of  denudation  has 
been  so  universal,  that  its  very  universality  often  causes  the  evidence 
for  it  to  be  overlooked. 

In  ftxaminiTig  the  outcrop  of  a  set  of  beds  along  the  surface  of  the 
ground,  either  in  ^  the  field  **  or  by  aid  of  geological  maps  and  sections, 
we  must  be  often  struck  with  the  fact  that  the  present  terminations  of 
the  beds  are  not  their  former  or  original  terminations.  Beds  rise  suc- 
cessively to  the  surface,  and  end  there  abruptly,  that  were  once  obviously 
continued  beyond  or  above  the  present  surfoce  of  the  ground.  In 
fig.  29,  p.  235,  the  beds  on  the  beach  and  those  in  the  cliff  are  the  same. 
It  is  dear  that  they  have  been  cut  down  on  the  beach  to  their  present 
level,  and  that  before  they  were  so  cut  down  they  rose  upwards  to  the 
same  height  as  those  in  the  diff.  In  the  same  way,  those  in  the  cliff 
itself,  and  which  stretch  from  it  into  the  land,  formerly  extended  up- 
wards to  a  greater  height  than  they  now  do.  Now,  in  many  instances 
we  can  tdl  how  fas  they  formerly  extended  upwards.  In  figs.  32,  33, 
and  34,  the  anticlinal  and  syndinal  curves  into  which  the  beds  are 
thrown  enable  us  to  estimate  the  amount  of  this  cutting  down  or  denu- 
dation for  the  beds  there  drawn.  In  fig.  32,  we  see  that  beds  2,  3,  4, 
bend  continuously  over  No.  1 ;  and  we  should  naturally  conclude  that 
beds  6,  6,  7,  8,  etc.,  once  equally  extended  continuously  over  the  anti- 
clinal, A.     If  we  doubted  the  fact,  we  should  be  convinced  of  it  when 
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we  traced  them  in  the  map  (fig.  33),  and  found  them  gradually  meeting 
and  continuous  over  the  anticlinal  farther  towards  the  north,  as  repre- 
sented in  fig.  34. 

Similarly  in  the  synclinal  curve  B,  though  we  might  suppose  by 
the  section,  fig.  32,  that  No.  13  was  the  highest  bed,  we  should  find  in 
the  plan,  fig.  33,  that  towards  the  north  it  was  overlaid  by  beds  14, 
15,  etc.,  as  shewn  in  section,  fig.  34 ;  and  we  should  be  compelled  to 
conclude  that  the  latter  had  once  been  continuous  over  the  whole. 
The  dotted  lines  in  fig.  32  would,  if  completely  carried  out,  and  bed  13 
were  represented  as  arching  continuously  over  A,  give  us  the  measure 
of  the  amount  of  solid  rock  removed  by  denudation  from  above  the 
present  surface  of  the  ground  £  F,  so  far  as  the  beds  there  drawn  are 
concerned  ;  and  the  dotted  lines  in  fig.  34  shew  us  that  this  conclusion 
may  be  still  farther  extended. 

It  makes  no  material  difference  in  this  reasoning  whether  we  sup- 
pose the  spaces  1,  2,  3,  etc,  to  represent  single  small  beds  of  a  foot  or 
two  in  thickness,  or  groups  of  such  beds,  and  suppose  the  whole  series, 
I  to  15,  to  represent  a  vertical  thickness  of  many  hundred  or  many 
thousands  of  feet 

Neither  would  it  make  any  difference  in  our  reasoning,  so  far  as  the 
amount  of  denudation  is  concerned,  if  we  were  to  suppose,  in  all  those 
cases  in  which  great  thicknesses  are  concerned,  that  the  whole  number 
of  beds  were  never  continuous  over  the  anticlinal  curves  after  the  total 
amount  of  elevation  had  been  reached.  It  is,  indeed,  most  probable, 
in  all  cases  that,  simultaneously  with  the  first  arching  of  the  beds,  the 
denuding  forces  began  to  act,  or  at  all  events  that  they  did  so  as  soon 
as  the  rocks  were  brought  up  within  their  reach,  and  that  long  before 
the  bed  No.  1  attained  its  present  high  level  over  the  axis  of  the 
curve,  more  or  less  of  the  higher  beds  7,  8,  or  12,  13,  etc.,  had  been 
removed,  and  a  surface  given  to  the  rocks  more  or  less  approximating 
to  the  surface  they  at  present  possess. 

Another  very  clear  case  in  which  we  can  estimate  the  amount  of 
denudation  is  that  of  an  '^  outlier."     It  often  happens  that  a  nmnber  of 

beds,  rising  at  a  slight 
B  angle    from   beneath 

the  surface,  end  in  a 
steep  slope  or  "  escarp- 
ment,**  as  at  A  in  fig. 
73.  In  front  of  this 
*^  ^-  *  escarpment  there  often 

Escarpment  and  outlying  hllL  ^3^   ^   isolated  hiU 

as  B,  which  is  called  an  "outlier.**  In  descending  the  escarpment, 
-we  pass  over  the  edges  of  the  beds  II,  10,  9,  8,  etc,  in  regular 
succession,  and  find  4  coming  out  from  beneath  them,  and  stretch- 
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ing  contmuously  ocroes  the  intermediate  flat  or  valley,  and  forming 
the  base  of  the  hill  B ;  and  on  ascending  the  side  of  B,  we  find 
the  very  same  beds  6,  6,  7,  S,  resting  on  each  other  in  the  same 
order  as  we  saw  them  in  the  escarpment  A,  and  at  the  same  angle  of 
inclination  y  so  that  the  conclusion  becomes  irresistible  that  they  were 
once  continuous  across  the  intervening  space  C.  This  space  then  is  due 
to  the  erosive  action  which  has  removed  the  upper  beds,  and  denuded 
or  laid  bare  the  lower  bed  No.  4,  across  the  valley  C,  and  for  an  in- 
definite distance  on  the  other  side  of  the  hill  R  We  should  feel  quite 
certain  that  not  only  the  beds  1,  2,  3,  4,  but  also  5,  6,  7,  etc.,  had 
stretched  across  this  space  formerly,  and  had  also  extended  beyond  the 
liill  B  for  some  indefinite  distance  in  the  direction  of  D.  This  latter 
conclusion  we  should  in  many  cases  find  confirmed  by  the  occurrence, 
at  a  distance  perhaps  of  many  miles  beyond  B,  in  the  direction  D,  of  a 
locality  where  the  beds  dipping  in  an  opposite  direction  from  that  in 
fig.  73,  these  very  same  beds  (1  to  8  of  fig.  73)  are  brought  in  again 
in  the  very  same  order  and  with  exactly  the  same  character  as  before. 
(See  fig.  74.)  In 
some  cases,  such  a 
little  isolated  basin 
forms  the  only  re- 
maining patch  of  the  ^^  '^*- 
beds  left  in  this  new                                Onajhig  basin. 

district,  the  disturbing  action  having  there  caused  them  to  dip  down 
below  the  level  of  the  surface  which  has  been  formed  by  the  denuding 
agent,  and  remain  as  a  monument  of  their  former  extension  over  the 
wide  intervening  space  between  this  new  locality  and  that  of  the  escarp- 
ment and  outlier  before  mentioned.* 

Geological  maps  of  large  countries  often  enable  us  to  prove  by  such 
reasoning  as  this  the  former  extension  of  a  great  mass  of  beds  over  veiy 
wide  areas,  and  consequently  the  very  large  amount  of  denudation  that 
has  taken  place. 

Instances  of  denudation  in  the  south  of  Ireland, — In  the  south  of 
Ireland,  for  instance,  several  large  detached  areas  of  the  I'ocks  known 
as  the  Coal-measures  occur  resting  in  hollows  formed  by  the  upper  beds 
of  the  formation  known  as  the  Carboniferous  limestone.  These  Coal- 
measure  beds  usually  end  in  an  escarpment  overlooking  lower  ground 
formed  by  the  limestone,  as  at  A  in  fig.  75. 

The  escarpments  in  these  widely  separated  tracts  of  Coal-measures 
arc  so  similar,  and  the  beds  composing  them  so  precisely  alike,  that  it 
is  impossible  to  supx)ose  otherwise  than  that  they  originaUy  formed 

*  For  Borae  striking  details  on  the  subject  of  denudation,  see  Professor  Ramsay's  paper 
on  the  Denudation  of  South  Wales,  etc.,  in  Menioiit  of  the  Geological  Survey  of  Great 
Britain,  voL  i. 
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continuous  sheets  of  rock,  although  they  are  now  separated  by  sixty  or 
eighty  miles  of  ground  composed  of  undulating  beds  of  rock  that  lie 
below  the  Coal-measures.  This  belief  is  strongly  confirmed  by  the  fact, 
that  there  are  often,  between  the  two  lai^er  areas,  several  little  outlying 


Fig.  75. 
Escarpment  of  Irish  Coal  measures  overlooking  plain  of  Carboniferous  limestone. 

patches  in  which  the  Coal-measures  are  found  capping  the  summits  of 
small  hills,  as  at  B  in  fig.  75,  and  that  wherever  the  undulation  of  the 
limestone  is  such  as  to  bring  its  upper  beds  down  beneath  the  level  of 
the  present  surface  of  the  ground,  we  invariably  find  some  of  the  lower 
beds  of  the  Coal-measures  coming  in  upon  them. 

The  Slievenamuck  Fault. — At  one  of  these  intermediate  points 
there  is  a  great  fault  with  a  downthrow  to  the  north  of  not  less  than 
4000  feet,  as  shewn  in  fig.  76. 

S  SUewnMmueJC  ^ 

Vale  ff      ^  *   taodf* 

OJtB 


Fig.  76. 
Section  shewing  the  Slievenamuck  fault  near  Tipperary. 
Cm.    Coal-measures.  O.  R  8.    Old  Red  Sandstone. 

C.  L.    Carboniferous  Limestone.  S.    Silurian  Rocks. 

The  Coal-measures  here  are  about  800  feet  thick,  and  rest  on  Car- 
boniferous limestone,  of  which  numerous  beds  crop  out  towards  the 
north,  making  a  total  thickness  apparently  of  not  much  less  than  3000 
feet. 

From  underneath  this  limestone  certain  beds  of  sandstone,  called 
Old  Red  Sandstone,  crop  to  the  north,  forming  a  low  hill,  which  may 
be  called  the  Emly  Ridge.  The  thickness  of  this  Old  Red  Sandstone 
is  not  there  determinable. 

In  the  country  to  the  south,  however,  we  get  the  same  Carbonifer- 
ous limestone  in  the  vale  of  Aherlow,  with  the  same  Old  Red  Sandstone 
rising  from  underneath  it,  and  forming  a  hill  called  Slievenamuck,  1200 
feet  high.  In  this  hill  its  beds  are  well  seen,  nearly  from  top  to 
bottom,  and  their  total  thickness  cannot  be  less  than  1000  feet  More- 
over, on  the  northern  slope  of  this  hill,  the  bottom  beds  of  the  Old  Red 
Sandstone  are  exposed,  and  may  be  observed  to  rest  on  the  uptilted 
and  previously  denuded  edges  of  certain  slates  and  grits  which  are  of 
much  greater  geological  age,  and  probably   belong  to  the  formation 
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known  as  Lower  Silurian,  and  some  depth  of  these  are  shewn  on  the 
face  of  the  hilL  But  on  descending  the  hill,  a  little  lower,  we  come 
snddenly  on  to  the  Coal-measures  dipping  at  a  gentle  angle  to  the 
south,  and  abutting  directly  against  the  Lower  Silurian  rocks,  shewing 
a  down-throw  to  tlie  N.  equal  to  the  whole  amotmt  of  the  thickness  of 
the  rocks  above  mentioned,  namely,  1000  feet  of  Old  Red  Sandstone  ; 
3000  feet  of  Carboniferous  Limestone,  and  800  feet  of  Coal-measures, 
or  taking  a  minimum  4000  feet — (See  Sheet  6  of  the  Horizontal 
Sections,  and  Explanation  of  Sheet  154  of  the  Maps  of  the  QeoL 
Survey  of  Lreknd  by  Mr.  J.  O'Kelly). 

This  section,  when  examined  in  connection  with  the  suiionnding 
district,  is  a  very  instructive  one.     We  may  learn  from  it — 

1st,  That  the  rocks  called  Lower  Silurian  were  greatly  disturbed 
and  denuded  so  as  to  have  a  surface  formed  across  tiie  edges  of  their 
beds  before  any  other  rock  was  deposited  upon  them. 

2dlif,  That  upon  the  surface  so  formed  the  series  of  sandstones 
called  the  Old  Red  Sandstone  were  deposited  horizontally,  and  without 
any  disturbance,  and  that  the  whole  of  the  Carboniferous  limestone  and 
the  Coal-measures  were  similarlv  accumulated  over  the  Old  Red  Sand- 
stone  in  regular  unbroken  order,  by  i^arallel  or  "  conformable"  deposi- 
tion, so  as  to  make  a  thickness  of  horizontal  beds  at  least  equal  to 
4000  feet 

Zdly.  We  learn  that  subsequently  to  the  deposition  of  the  last  of 
these  beds  disturbance  took  place,  the  rocks  were  lifted  up,  tilted  and 
broken  through,  and  that  dislocation  took  place  to  the  amount  just 
stated. 

4thly,  At  the  time  that  this  dislocation  took  place  the  Coal-measures 
must  certainly  have  existed  generally  over  the  surface,  or  the  disloca- 
tion could  not  have  brought  down  beds  belonging  to  them — a  conclusion 
confirmed  by  the  occurrence  of  other  isolated  patches  of  Coal-measures 
still  existing  all  roimd  the  district  at  the  distance  of  a  few  miles  from 
this  spot. 

5th,  Since  the  disturbance  of  the  country,  denudation  has  removed 
all  the  Coal-measures  from  off  the  district  except  the  patches  mentioned 
above,  and,  moreover,  has  removed  laige  portions  of  the  upper  part  of 
the  Carboniferous  limestone,  since  the  lower  beds  of  that  formation  now 
appear  at  the  surface  in  the  greater  part  of  the  neighbourhood.  But  it 
has  done  more  than  that,  for  in  those  spots  where  the  Old  Red  Sand- 
stone now  forms  the  surface  rock,  not  only  the  whole  of  the  Coal- 
measures,  but  the  whole  of  the  limestone  must  have  been  removed,  and, 
moreover,  it  has  cut  deeply  into  the  Old  Red  Sandstone,  and  in  some 
places  right  through  even  that,  and  swept  it  clear  away,  so  as  to  re- 
expose  the  old  denuded  surface  of  the  Lower  Siliuian  rocks,  on  which 
the  Old  Red  Sandstone  was  deposited,  and  has  even  gone  yet  further 
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still,  for  this  more  recent  denudation  has  in  some  adjacent  localities, 
especiaUy  along  the  northern  slope  of  the  Galty  mountains,  which  lie 
south  of  the  vale  of  Aherlow,  eaten  down  so  as  to  wear  deep  hollows 
and  valleys  into  the  Lower  Silurian  rocks  themselves,  several  hundred 
feet  below  that  surface  on  which  the  Old  Red  Sandstone  was 
deposited. 

General  Structure  of  the  South  of  Ireland, — ^But  the  conclusions 
deduced  from  the  examination  of  the  structure  of  this  part  of  Tipperaiy 
may  be  extended  to  the  whole  of  Ireland,  over  the  greater  part  of 
which  the  above-named  formations  are  to  be  found  undulating  above  and 
below  the  present  surface  of  the  ground,  the  Coal-measures  coming  in 
generally  as  high  land  resting  in  a  basin  of  the  Carboniferous  limestone 
as  at  B,  fig.  76,  and  the  Old  Red  Sandstone  and  Silurian  rocks  rising 
out  from  underneath  the  limestone  often  into  hills  still  loftier  than 
the  highest  parts  of  the  Coal-measures,  and  commonly  causing  great 
anticlinal  curves  in  the  Old  Red  Sandstone. 

The  Commeraghs,  the  Knockmealdowns,  the  Gal  tees,  the  Slieve- 
bloom,  the  Keeper  grouj),  and  the  higher  moimtains  of  Kerry  and  Cork 
generally,  all  come  within  the  latter  class. 

Fig.  77  is  a  diagrammatic  section  running  from  W.  to  £.  across  the 
"  Devil's  Bit  range,"  a  part  of  the  Keeper  group  where  the  original 


I-Mg.  77. 
Diagrammatic  section  acroas  the  Devil's  Bit  Mountain. 
C.L.  Carboniferous  Limentone. 

O.R.S.  Old  Red  Sandstone,  its  denuded  part  being  shewn  by  the  dotted  lines. 
S.  Lower  Silurian  rocks. 

anticlinal  form  of  the  Old  Red  Sandstone  is  proved  by  a  small  capping 
of  it  left  on  the  simmiit  of  the  hill.''^ 

Farther  south  and  south-west  of  this  point  the  Old  Red  Sandstone 
is  much  thicker,  and  has  not  therefore  been  so  often  worn  through  and 
removed  by  the  denudation  as  in  the  Keeper  and  G^ty  groups.  Figs. 
76,  76,  and  77  will  give  a  good  general  notion  of  the  structure  of  most 
of  the  hills  of  Ireland. 

Tlus  description  may  be  extended  also  to  Scotland,  and  to  lai*ge 
parts  of  England  and  the  Continent,  and,  indeed,  to  every  country  in 
the  world  so  far  as  the  principles  are  concerned,  and  making  allowance  for 

*  See  Mr.  A.  B.  Wynnes*  description  of  this  district  in  the  Explaxuttionfl  of  Sheets  185 
Mid  145  of  the  QooL  Survey  of  Ireland. 
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difbisiices  in  th«  fcmnAtioiu  aad  in  the  positioiM  into  which  th^  am 
throwiL 

Plaint  emued  6y  Denvdafion. — It  hu  been  alreadj  loid  that  the 
ytxy  plains  and  low  lands  thenuelves  ara  in  aome  caiee  the  lesult  of 
denudation,  whole  monntaina  of  km^  having  been  lemored  from  them. 
Tba  central  plain  of  Ireland  givea  na  an  excellent  example  of  thia 
principle  alao,  aa  the  locka  below  it  conaiat  cMeflj  of  beda  (rf  the  lower 
part  of  the  Caibonjfennu  limestone,  from  which  the  Coal-n 


npper  paita  of  the  limestone  have  been  lemored  ;  a  general  thickneu 
of  2000  or  3000  feet  at  least,  peihapa  even  6000  or  6000  feet  of  rock 
being  thus  losL  It  is  the  caae  also  with  the  low  lands  of  Wexford  and 
other  parts  of  Ireland,  in  which  highly  inclined,  often  Tertical,  beda  of 
Lower  Silurian,  and  eren  of  stUl  lower  Cambrian  rocks,  are  found  just 
beneath  the  euriace. 

Thia  is  tnie,  alao,  of  Anglesea,  and  the  lower  parts  of  CaemarTon- 
ahire,  which  liave  a  surface  made  acroga  the  eroded  ends  of  uptilted 
Cambrian  and  Lower  Silurian  beds,  that  were  undoubtedly  once  buried 
deep  beneath  the  higher  beda  that  form  the  sammits  of  the  hills  of  the 
Snowdon  range. 

It  is  remarkable  that,  in  Wales,  it  is  in  Anglesea  only,  where  the 
denudation  seems  to  hare  cut  deepest,  that  we  meet  with  granite,  and 
that  in  Leinster,  where  we  have  the  largest  exposure  of  granite  in  the 
British  Islands,  the  denudation  can  be  shewn  to  have  been  enormous, 
but  we  will  defer  the  discoBsion  of  this  part  of  the  subject  till  we 
come  to  examine  the  pettological  relations  of  granite.  It  is  euf^ent 
for  OUT  present  purpose  to  shew  that  many  low  lands  are  low  because 
mountains  of  rock  have  been  removed  in  order  to  form  their  present 
rarface. 

Ineoncfivablf  tine  reared  for  aelimt  of  Denuding  forttM. — Tht 
only  agent  to  which  we  can  reasonably  attribute  the  destruction  and 
removal  of  masses  of  rock,  notwithstanding  that  they  were  many 
thousands  of  feet  in  thickness,  and  many  hundred  thousand  square 
miles  in  extent,  is  the  slow  and  gradual  gnawing  of  the  sea  breakers 
upon  coasts,  on  action  always  tending  to  plane  down  land  to  a  little 
below  the  level  of  the  upper  surface  of  the  ocean. 
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The  time  required  for  Bucli  a  slow  process  to  effect  such  enoimous 
results,  must  of  course  be  taken  to  be  inconceivably  great.  The  word 
^  inconceivably  "  is  not  used  here  in  a  vague  but  in  a  literal  sense,  to 
indicate  that  the  lapse  of  time  required  for  the  denudation  that  has 
produced  the  present  surfaces  of  some  of  the  oldef  rocks  is  vast  beyond 
any  idea  of  time  which  the  himian  mind  is  capable  of  conceiving. 

Mr.  Darwin  in  his  admirably  reasoned  book  on  the  origin  of  species, 
80  full  of  information  and  suggestion  on  all  geological  subjects,  estimates 
the  time  required  for  the  denudation  of  the  rocks  of  the  Weald  of  Kent, 
or  the  erosion  of  the  space  between  the  ranges  of  chalk  hills  known  as 
the  North  and  South  Downs,  at  three  hundred  miUidns  of  years.  The 
groimds  for  forming  this  estimate  are  of  course  of  the  vaguest  descrip- 
tion. It  may  be  possible,  perhaps,  that  the  estimate  is  a  hundred  times 
too  great,  and  that  the  real  time  elapsed  did  not  exceed  three  million 
years ;  but,  on  the  other  hand,  it  is  just  as  likely  that  the  time  which 
actually  elapsed  since  the  first  commencement  of  the  erosion  till  it 
was  nearly  as  complete  as  it  now  is,  was  really  a  hundred  times  greater 
than  his  estimate,  or  thirty  thousand  millions  of  years.* 

The  only  object  we  can  have  in  mentioning  such  numbers,  is  to  make 
more  clear  what  it  is  we  mean,  when  speaking  of  the  lapse  of  geological' 
time.  It  is  not  till  we  have  raised  our  notions  of  geological  time  up  to 
the  height  of  believing  that  we  have  recorded  in  the  crust  of  the 
earth  the  lapse  of  many  periods,  each  consisting  of  many  thousands  of 
millions  of  years,  that  we  are  able  to  conceive  the  possibility  of  agents 
such  as  we  see  now  at  work  on  the  earth  producing  the  great  effects 
which  have  been  produced. 

Atmospheric  Denudation  as  shetm  in  the  valley  of  Moselle  and  other 
rivers. — ^The  allowance  of  these  vast  spaces  of  time  enables  us  to  imder- 
stand  also  another  variety  in  the  action  of  denudation,  that,  namely, 
exercised  by  rivers  running  upon  dry  land. 

The  valley  of  the  Moselle  river,  and  the  ravines  of  its  northern 
tributaries  in  the  country  of  the  lower  Eifel,  give  us  an  admirable  in- 
stance of  this  river  denudation,  as  I  convinced  myself  during  a  short 
excursion  through  that  region  in  the  summer  of  1869.t  That  country 
is  composed  of  highly  and  variously  inclined  palaBOzoic  rocks,  probably 
of  some  Silurian  age.  Its  general  surface  forms  a  gently  undulating 
land  about  1000  or  1200  feet  above  the  level  of  the  sea.  This 
country  is  dotted  over  with  a  great  number  of  the  most  curioufily 

*  The  bare  counting  of  thirty  thonaand  millions  at  a  rate  of  sixty  in  a  mintite  for  every 
hour  In  the  twenty  four,  would  occupy  950  years ;  since  the  number  of  seconds  in  866  dayi 
is  only  thirty  one  and  a  half  millions. 

t  Professor  Ramsay,  whom  I  Joined  at  Bertrich  on  that  occasion,  and  under  whOB 
guidance  I  spent  a  few  days  in  examining  the  country,  had  arrived  at  the  same  conTictioZL 
It  was  almost  the  first  suttject  of  conversation  between  us  on  meeting,  and  we  found  oat 
opinions,  independently  formed,  In  perfect  agreement  on  the  point 


ATUOafHKBIC  DENUDATIOK. 


291 


minnte  volcanic  eonea  and  onten  to  be  fonnd,  I  Bfaonld  think,  any- 
where  in  the  world.* 

It  is  abo  fniTowed  hy  nmnarDiu  narrow  larines  with  steep,  eomit- 
times  piecipitoua  ddes,  which  cut  down,  as  they  neai  the  Hoselle,  to 
depths  of  600  or  80O  feet  below  the  general  Hur&ce  of  the  country, 
and  wind  throng  it  witli  the  moat  sinaoas  corves  imaginable.  The 
Kotelle  itMlf  works  ita  way  Uuotigh  the  district  by  an  equally 
tortuona  coorae,  forming  loops  that  after  a  bend  of  aome  miles  often 
eat  back  bo  as  to  leave  but  a  narrow  ridge  between  some  parts  of  the 
erer-cnrring  reaches  of  the  river.  This  singalarly  winding  valley  is 
both  noiTow  and  deep,  being  closely  environed  on  all  aides  by  steep 
pncipitOQs  banks,  800  or  1000  feet  in  height,  with  frequently  no 
more  room  between  th^  opposing  baaea  than  jnat  sufficient  for  the  river 
itselC 

It  is  dear  that  audi  deep  winding  channels  in  hard  rock  could  not 
have  been  excavated  by  the  waters  of  the  sea,  or  by  any  other  concdv- 
able  action  than  that  of  water  running  in  lines  over  dry  land,  and  de- 
flected hither  and  thither  according  as  it  was  tnmed  aside  by  meeting 
with  obstacles  or  induced  by  facilities  to  ita  passage — in  other  words, 
by  rivers. 

The  shapes  of  the  curves  are  exactly  like  those  made  by  a  river 
tnvermug  an  alluvial  flat. 

Fig.  79  will  serve  to  explain  the  diflerence  between  the  uide-sptead 
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probably  marine  denudation,  by  which  the  general  aurface  of  the 
country.  A,  B,  C,  D,  has  been  produced,  in  consequence  of  the  removal 
of  the  rock  marked  by  the  dotted  lines,  and  the  local  river  action 
which  has  cut  down  below  that  surface  so  as  to  form  the  ravines  x,  y,  t. 
The  letters  r,  e,  refer  to  the  volcanic  rocks  ;  and  it  ia  obvious  from  the 
patches  of  lava  now  found  in  the  bottom  of  the  valleys  that  those  eica- 
vations  were  very  much  in  their  present  rtate  when  the  volcimic  crup- 

•  The  VDluuirwa  aaa  Bertritli,  luch  u  tlic  Fidki'iilel  i 
pocket  editiona,  rimost  Mtlnrt  specloiena,  of  volc^naoes,  thi 
ta  bsigbt,  or  ■  bmiiliad  jruda  In  dluiisMi  nt  th«  buc. 
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tioiis  took  place,  although  the  craters  burst  out  on  the  higher  land — a 
dicumBtance  which  makes  it  probable  that  the  depth  of  the  valleys  is 
infinitessimally  small  compared  with  that  of  the  source  of  the  volcanic 
action. 

The  far  larger,  or  at  least  much  wider  valleys  excavated  through 
the  soft  tertiary  rocks  of  the  Auvergne  country  have  been  similarly 
the  result  of  river  and  weather  denudation,  as  is  shewn,  not  so  much 
by  their  form,  as  by  the  relation  to  them  of  the  various  and  successive 
streams  of  lava  from  the  neighbouring  volcanoes  and  the  river 
channels  which  have  cut  through  the  lava  streams,  as  well  as  by  the 
absence  of  any  marine  ^  drift "  and  the  presence  of  fresh-water  gravel 
•and  other  deposits  proving  the  absence  of  the  sea. — (See  Scrape's  Vol- 
oanoea  of  Central  France,  chap,  ix.) 

I  believe  that  many  of  the  river  valleys  of  our  own  islands  have,  in 
like  manner,  been  excavated  by  the  rivers  themselves  to  a  much 
greater  extent  than  we  have  been  in  the  habit  of  supposing. 

Different  periods  of  Denuding  Action, — In  examining  the  denu- 
dation that  has  affect^  the  older  rocks,  it  is  necessary  to  be  on  our 
guard  against  attributing  the  whole  of  it  to  any  one  period,  and  espe- 
cially to  the  last  period  during  which  denudation  has  been  active  on 
the  coimtiy. 

Our  present  land  surfiEu^es  are,  in  almost  all  cases,  the  result  of  many 
periods  of  action,  both  marine  and  atmospheric — ^those  periods  having 
been  often  separated  by  great  intervals  of  time. 

With  respect  to  the  surfaces  on  the  older  rocks,  it  is  often  easy  to 
shew  that  the  principal  action  of  denudation  that  affected  them  took 
place  at  a  very  early  geological  period,  and  that  our  present  surfaces 
are  either  themselves  very  old  surfaces  geologically,  or  that  at  least  they 
differ  from  a  very  old  surfieu^  much  less  than  that  differed  from  the 
original  surface  of  deposition  that  existed  immediately  after  the  forma- 
tion of  the  rocks. 

On  turning  to  figs.  76  and  77,  for  instance,  we  see  that  the  base 
of  the  Old  Red  Sandstone  in  Slieve-na-muck  rests  upon  an  old  sur&oe 
that  was  formed  across  the  edges  of  the  beds  of  the  Lower  Silurian  for- 
mation during  some  time  antecedent  to  the  formation  of  the  Old  Red 
Sandstone,  which  was  deposited  upon  these  denuded  edges. 

This  peculiarity  of  position  is  called  unconformability,  which  it  is 
necessary  we  should  examine  in  order  to  rightly  understand  the  evi- 
dence in  support  of  the  different  periods  of  denudation  and  different 
ages  of  land  surface. 


CHAPTER  XVL 
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Ufusonfomuibility  arises  from  a  surface  of  Denudation  having  been 
formed  in  one  set  of  Beds  before  ike  Deposition  of  another  set. — When  one 
group  of  beds  rests  upon  the  denuded  edges  of  another  group,  the  upper 
is  said  to  be  unconformable  to  the  lower  group.  In  most  cases  the 
lower  group  will  have  been  tilted  before  the  edges  of  its  beds  were 
denuded,  and  the  upper  group  will  be  deposited  upon  those  uptilted 
and  denuded  edges,  so  that  there  will  be  a  marked  difference  in  the 
**  lie  "  of  the  two  sets  of  rocks.  It  has  resulted  from  this  that  the  com- 
monly received  idea  of  imconformability  refers  rather  to  this  difference 
in  their  **  lie  "  than  to  the  fact  of  the  intermediate  period  of  denuda- 
tion. 

The  following  is  the  most  general  statement  of  what  constitutes 
*  unconformabUity  :" — When  the  base  of  one  set  of  beds  rests  in  different 
places  on  different  parts  of  another  set  of  beds,  the  two  are  urwmformahle 
to  each  other. 

For  unconformability  to  arise,  then,  there  must  be  two  different 
sets  or  groups  of  beds  which  had  an  interval,  more  or  less  great,  between 
their  periods  of  production,  that  interval  being  imrepresented  by  any 
deposition  in  the  place  where  the  \mconformity  exists,  though  it  must 
be  marked  by  a  more  or  less  obvious  denudation. 

Overlap,  on  the  other  hand,  takes  place  only  in  the  same  set  of 
beds,  or  in  different  sets  of  the  same  conformable  series. 

In  fig.  80  we  have  represented  one  of  the  simplest  cases  of  uncon- 


Fig.  80. 
Simple  unconfonnability. 

fonnability  in  which  the  lower  groups  of  beds  m  m  have  been  uptilted 
and  denuded,  so  as  to  form  the  horizontal  surface  A  B,  on  which  the 
beds  X  X  have  been  deposited. 
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Instances  are  not  wanting,  however,  in  which  the  lower  set  of  beds 
have  had  their  edges  denuded  without  being  tilted  &om  the  horizontal, 
or  at  all  events  having  so  close  an  approximation  to  horizontalily  at 
the  time  of  the  deposition  of  the  superincumbent  beds,  that  no  sensible 
difference  is  now  to  be  detected  in  the  "  lie"  of  the  two  groups  in  the 
places  where  they  are  exposed.     Fig.  8 1  will  serve  to  explahi  this  case,  in 


Fig.  81. 


which  the  beds  m  m  still  remaining  horizontal  have  had  their  surface 
A  B  worn  in  some  places  into  hollows  and  cliffe,  in  or  against  which 
the  beds  X  X  have  been  deposited.  If  these  two  sets  of  beds  chance 
to  be  exposed  in  places  where  the  surface  A  B  happened  to  be  hori- 
zontal at  the  time  of  the  deposition  of  X  X,  as  in  the  parts  between 
A  C  or  D  B,  their  unconformability  may  not  be  at  first  perceived 

An  example  of  this  case  may  be  found  in  the  South  Staffordshire 
coalfield,  where  the  beds  X  X  are  represented  by  the  Coal-measures,  and 
the  beds  m  m  by  the  Silurian  rocks. — (See  Mem,  of  Geol,  Survey,  Geo- 
logy of  S.  Staff  Coalfield,  2d  edition,  p.  80.)  In  true  unconformability, 
then,  the  lower  group  has  always  had  a  new  surfjEtce  formed  across  the 
edges  of  the  beds,  that  surface  being  somewhere  an  inclined  one  if  the 
beds  ore  horizontal,  while,  if  the  beds  are  inclined,  the  surfeice  may 
be  horizontal,  or  may  cut  across  their  edges  at  any  angle  or  in  any 
direction. 

A  paper  on  the  Shropshire  Coalfield  was  recently  read  before  the 
Qeological  Society  of  London  by  Mr.  Scott,  from  which  it  appeared  that 
the  upper  part  of  the  Coal-measures  was  there  unconfoimable  to  the 
lower  part.  K  this  was  a  case  of  real  unconformability,  it  is  probable 
that  it  was  of  a  purely  local  kind,  and  rather,  perhaps,  an  extension  of 
what  has  previously  been  described  as  "  contemporaneous  erosion  and 
filling  up"  (see  p.  1&3),  which  is  doubtless  a  minor  and  purely  local  kind 
of  unconformability.  This,  however,  as  it  takes  place  merely  in  a 
smaller  portion  of  one  group  of  rocks,  is  not  to  be  confounded  with  the 
unconformability  that  exists  between  two  groups. 

Successive  VnconformahUities  in  South  of  Ireland. — Very  compli- 
cated cases  of  unconformability  are  to  be  foimd  in  some  places,  especially 
among  the  older  rocks.  In  the  south  of  Ireland,  for  instance,  there  are 
cases  in  which  the  Lower  Silurian  beds  rest  unconformably  on  the 
upturned  and  denuded  edges  of  the  older  Cambrian  rocks,  while  they 
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prsMnt  a  completely  ditocmUuit  Borfkce  themselves  for  the  teception  of 
the  lower  beds  of  the  Carbonif^oB  form&tion,  which  likewise  not  only 
nst  Tinconformably  on  the  Lower  Silorian  beds,  but  are  themselrea  often 
graatlj  dietiirked  and  denuded.  So  that  we  hare,  within  a  small  area, 
IKQofi  of  three  sereial  periods  of  elevation  and  denudation  having  taken 
place,  each  period  of  elevation  having  gone  the  extreme  length  of  placing 
tlie  rocks  in  some  parts  into  the  vertical  position,  and  each  period  d 
danndation  having  formed  a  surface  across  the  edges  of  the  nptilted 
beds  b^ore  the  next  deposition  took  place  upon  them. 

Fig.  8S  is  a  section  near  Ashfonl,  in  ooonty  Wicklow,  shewing  the 


ElfrBl 
jBaMioa  bom  NKiUi  to  north  saiiMi  tbs  Devn'*  Oles  uid  BtllTiiaUsn  HIU,  iMir  AihlDTd, 

Ooantj  Wicklow. 

tmconformahility  of  the  Lower  Silurian,  marked  S  S,  on  the  Cambrian 
beds  marked  C  C. 

Fig.  83  is  one  of  almost  innumerable  sketches  that  might  be  given 
in  which  the  unconformability  of  the  Old  Bed  Sandstone  to  the  Lower 


ippoait«  tbe  tomi  of  Walcif 


Silurian  is  plninly  observable.  It  ia  from  a  sketch  by  Mr.  Du  Noyer  of 
the  cliffs  opposite  the  town  of  IVaterford,  in  which  the  Old  Red  Sand- 
stone may  be  seen  fonuing  slightly  inclined  beds  that  cap  the  hills,  and 
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Test  upon  the  edges  of  bigUy  inclined,  nearly  verticaly  beds  of  green  and 
blue  £date  belonging  to  the  Lower  Silurian  period. 

The  Carboniferous  limestone  of  the  south  of  Ireland  is  always  con- 
fonnable  to  the  Old  Red  Sandstone  below,  although  it  often  overlaps  it, 
in  consequence  of  the  comparatively  small  area  within  which  the  Old 
Red  Sandstone  was  deposit^,  the  Carboniferous  Limestone  being  much 
more  widely  extended.  In  one  place  near  Taghmon,  county  Wexford, 
a  patch  of  the  Carboniferous  Limestone  was  found  resting  directly  on 
the  Oambnan  rocks,  and  at  a  distance  of  nine  miles  from  the  remainder 
of  the  Carboniferous  Limestone,  shewing  that  the  Cambrian  had  there 
been  denuded  of  the  whole  of  its  former  covering  of  Lower  Silurian, 
and  the  Carboniferous  Limestone  spreading  beyond  the  limits  of  the 
Old  Red  Sandstone,  rested  directly  on  the  Cambrian. 

A  similar  occurrence  is  known  near  Corwen  in  North  Wales,  where 
an  isolated  patch  of  Carboniferous  Limestone  rests  on  the  lower  part  of 
the  Upper  Silurian  rocks,  at  a  distance  of  ten  miles  from  the  main  mass 
of  the  Ciirboniferous  Limestone,  which  now  ends  in  an  abrupt  escarp- 
ment, 600  feet  in  height,  just  north  of  Llangollen. 

These  two  cases  are  proofs  also  of  the  subsequent  denudation  of  the 
Carboniferous  Limestone  itself,  since  we  must  believe  that  the  now  sepa- 
rated portions  formed  originally  parts  of  a  continuous  mass  of  lime- 
stone that  covered  the  whole  surroimding  country. — {See  sheets  74  2^,W, 
and  74  N^.  of  the  Geological  Maps  of  England  and  Wales,  and  sheet 
169  of  Ireland.) 

In  the  south  of  Ireland  we  may  follow  the  boundaiy  of  the  Carboni- 
ferous Limestone  and  Old  Red  Sandstone  through  the  counties  of  Kil- 
kenny and  Carlo  w,  so  as  to  find  the  most^convincing  proof  of  the  denudation 
of  the  Lower  Silurian  rocks,  even  to  the  extent  of  laying  bare  the  granite 
which  lay  beneath  them,  before  the  deposition  of  the  Old  Red,  and  of  the 


Fig.  84. 

Section  from  N.W.  to  &E.  over  Freagh  Hill,  ISOO  feet  high. 
8.  Lower  Silurfan. 
O.  R  8.  Old  Red  Sandstone. 
C.  L.  CarboniferouB  Limestone. 

subsequent  overlap  of  the  Carboniferous  Limestone,  and  its  deposition 
on  the  bare  granite  without  the  intervention  of  any  other  formation.* 

*  It  is  necessary,  in  order  to  explain  folly  the  snlject  we  are  describing,  to  take  for 
granted  that  the  student  knows  what  the  Carboniferous  Limestone  and  Old  Bed  Baadstoae 
are.  He  may  either  refer  to  their  description  as  giren  ftirther  on,  or  retom  to  this  chapter 
at  a  ftiture  period. 
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Fig.  84  IS  a  diagiammaftic  section  taken  across  Freagh  HUl,  a  few 
mOes  north  of  Thmnastown,  in  the  county  of  Kilkenny.  The  Lower 
SOnxian  rocks,  marked  SS,  were  disturbed  and  contorted,  and  a  level 
mabce  formed  across  their  edges,  on  which  the  Old  Bed  Sandstone  was 
deposited  uncomfoxmably,  with  the  Carboniferous  Limestone  conformably 
vpon^it  Subsequent  elevation  and  denudation  has  removed  all  the 
GBrboniferous  Limestone  from  all  the  high  ground,  and  also  the  Old  Red 
Sandstone,  except  one  or  two  patches  of  it,  re-exposing  in  places  the 
old  level  floor  or  surfeu^  of  Lower  Silurian  on  wldch  it  was  deposited. 
Bat  it  has  even  gone  beyond  that,  for  the  valley  at  the  south-east  end  of 
the  section  has  probably  been  excavated  in  the  Lower  Silurian  by  the 
subsequent  denudation,  and  did  not  exist  at  the  time  the  Old  Bed  Sand- 
stone was  deposited,  otherwise  it  would  have  been  filled  with  it,  and 
some  pait^  at  least,  of  it  would  now  remain  there. 

Fig.  86  is  a  diagrammatic  section  taken  a  few  miles  south  of 
Hiomastowni  where  the  denudation  that  had  acted  previously  to  the 
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Fig.  85. 
Section  flrom  west  to  east  through  Coolroe  hill,  and  across  the  Arrigle  brook,  near  Olenpipe. 

O.  Granite. 
8.  Lower  Silurian. 
O.  R  8.  Old  Red  Sandstone. 

deposition  of  the  Old  Bed  Sandstone  had  laid  bare  a  portion  of  granite, 
the  last  outlying  piece  of  granite  of  the  great  granite  band  of  Leinster. 
The  Lower  Silurian  rocks  are  traversed  by  granite  veins  in  the  neigh- 
bourhood, and  are,  near  the  granite,  altered  into  mica  schist,  and  their 
beds  are  highly  inclined.  The  Old  Bed  Sandstone,  on  the  other  hand, 
rests  upon  the  granite  quite  undisturbedly  ;  it  is  quite  unaltered  by  the 
granite,  and  is  obviously  made  chiefly  of  the  sand  derived  from  the 
waste  of  the  granite,  containing  occasionally  even  pebbles  of  the  granite, 
though  not  so  many  pieces  of  granite  as  it  does  fragments  of  the  slate 
rocks,  when  it  rests  upon  them.  The  granite  is  now  readily  decomposed 
and  easily  crumbles  into  sand,  and  did  so  apparently  quite  as  ea^y  at 
the  time  the  Old  Bed  Sandstone  was  deposit^  upon  it. 

There  is  here,  too,  eveiy  appearance  of  a  nearly  level  floor  having 
been  formed  upon  both  Lower  Silurian  and  granite  for  the  reception  of 
the  Old  Bed  Sandstone,  and  proof  of  the  subsequent  denudation  having 
removed  the  extension  of  the  Old  Bed  Sandstone,  and  worn  hollows 
beneath  that  floor  down  into  the  subjacent  rocks. 

Fig.  86  is  a  diagrammatic  section  representing  the  ''lie''  of  the 
rocks  in  county  Carlow,  about  15  miles  north  of  Thomastown,  where 
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granite  and  Carboniferous  Limestone  lie  side  by  side,  malriiig  low  gently 
nndulating  ground,  largely  covered  with  limestone  gravel,  which  has 
been  omitted  in  the  diagram.  The  limestone  dips  gently  from  the 
granite,  but  is  quite  unaltered  by  it,  is  not  traversed  by  any  veins  from 
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Fig.  86. 

Section  from  west  to  east  in  county  Carlow. 

0.  Granite. 

O.  R  a  Old  Red  Sandstone. 

C.  L.  Carboniferous  limestone. 

it,  and  was  evidently  deposited  in  the  sea  upon  a  bare  floor  of  granite, 
just  in  the  same  way  that  beds  might  now  be  deposited  upon  the  bare 
granite  if  it  were  again  depressed  beneath  the  sea,  or  as  the  limestone 
gravel  was  deposited  on  it  at  the  last  period  of  submergence.  No  Old 
Red  Sandstone  appears  here  from  beneath  the  Carboniferous  Limestone, 
as  it  gradually  thins  out  and  disappears  as  we  proceed  north  from 
Thomastown.  As,  however,  it  does  appear  again  a  few  miles  to  the 
westward,  some  has  been  introduced  into  the  diagram  (fig.  84)  to  suggest 
the  probable  mode  of  its  occiurence  in  that  direction. 

That  the  limestone  was  deposited  upon  the  previously  existing  and 
previously  denuded  granite  is  proved  by  what  takes  place  still  farther 
north  in  county  Dublin,  where  angular  fragments  of  granite  are  found 
included  in  the  limestone,  as  will  be  described  presently. 

Denudation  involves  existence  of  Dry  Land^  UncmformahUity  that 
of  subsequent  Depression, — ^From  what  has  now  been  said  on  denudation 
and  unconformability  it  will  be  plain  that  denudation,  or  the  produc- 
tion of  a  new  surface  on  rock,  can  only  take  place  as  a  consequence  of 
the  elevation  of  the  rock  up  to  or  above  the  sea  level,  and  seems, 
therefore,  to  involve  the  necessity  of  the  appearance  of  dry  land,  in 
some  part,  at  least,  of  the  area  which  is  affected  by  the  denudation. 
Unconformability,  or  the  deposition  of  fresh  beds  upon  a  denuded 
surface,  of  course  necessitates  the  depression  of  that  surface  below  the 
water,  in  which  alone  these  aqueous  rocks  can  be  formed. 

The  occurrence  of  this  discordance,  then,  between  the  upper  surface 
of  one  set  of  beds  and  the  lower  surface  of  another,  may  in  itself  be 
taken  as  a  proof  of  elevation,  denudation,  and  subsequent  depression 
having  occurred,  and  as  a  presumptive  evidence  of  dry  land  having 
existed  in  the  neighbourhood  at  some  time  during  the  interval  which 
elapsed  between  the  formation  of  the  two  sets  of  beds. 

The  probable  existence  of  dry  land  is  often  confirmed  independently, 
as  in  the  case  of  the  granite  sand  and  fragments  scattered  in  the  Car- 


PRACTICAL  IMPOBTANCE.  299 

bonifeiotis  limestone  of  Dublin ;  the  most  probable  canse  for  their 
occurrence  being  their  transport  in  the  roots  of  plants,  which  grew 
somewhere  on  the  granite  land,  and  were  washed  down  into  the  Car- 
boniferous sea. 

Such  an  apparently  iminteresting  circumstance  as  the  relative  lie 
and  position  of  two  sets  of  rock  thus  ^ves  us,  when  it  is  properly 
studied,  a  curious  and  unexpected  history. 

Practical  importance  of  the  subject, — ^Unconformability,  however, 
baa  its  practical  as  well  as  its  speculative  interest,  since  it  is  necessary 
that  it  should  be  thoroughly  understood  in  all  searches  for  materials 
belonging  to  one  group  of  beds  carried  on  through  beds  belonging  to 
another  set 

In  the  north  of  Ireland  a  strong  feeling  exists  in  favour  of  sinking 
through  the  New  Red  Sandstone  of  county  Antrim  and  its  borders,  in 
search  of  coal ;  that  feeling  being  based  on  the  knowledge  that  the 
New  Red  lies  above  the  Coal-measures.  Since,  however,  it  lies  uncon- 
formably  upon  them,  it  follows  that  though  in  one  district  it  may  rest 
upon  Coal-measures,  in  others  it  may  lie  upon  any  other  formation  which 
comes  out  from  underneath  the  Coal-measures,  and  from  the  structure  of 
the  neighbourhood  it  appears  that  the  chances  are  something  like 
twenty  to  one  against  the  Coal-measures  being  found  under  any  particular 
spot  of  the  New  Red  Sandstone. 

I  have  myself  known  money  uselessly  thrown  away  in  sinking 
shafts  in  the  South  Staffordshire  coal-field  for  want  of  attention  to  the 
slight  unconformability  of  the  Coal-measures  on  the  Silurian  rocks.  In 
fature  explorations,  such  as  at  no  great  distance  of  time  will  be  imder- 
taken,  in  search  of  coal  in  the  central  districts  of  England,  the  clear 
and  complete  comprehension  of  tliis  subject  will  be  of  the  highest 
practical  importance,  and  indeed  absolutely  necessary  to  avoid  the 
fruitless  expenditure  of  great  sums  of  money.  Many  hundreds  and 
many  thousands  of  pounds  have  been  thrown  away,  even  during  the 
last  few  years  in  the  central  parts  of  England  alone,  in  abortive  mining 
attempts  after  coal,  the  expenditure  of  which  nothing  but  the  most 
complete  ignorance  of  geology  could  have  rendered  possible.  The 
detailed  maps  lately  published  by  the  Greological  Survey  of  the  United 
Kingdom  would  make  such  ridiculous  attempts  still  more  inexcusable 
for  the  future,  but  it  is  possible  that  even  those  very  maps  might  lead 
to  error,  unless  they  be  thoroughly  understood  and  soundly  inter- 
preted, with  every  allowance  for  imconformability  and  similar  petro- 
logical  structures. 

Overlap. — Overlap  has  been  already  said  to  occur  only  in  the 
same  set  of  beds,  or  in  the  same  conformable  series.  It  may  be  de- 
scribed as  the  extension  of  one  Led,  or  set  of  beds,  beyond  the  original 
termination  of  the  bed  or  set  of  beds  below  it. 
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The  lower  bed,  or  set  of  beds,  may  not  bave  been  at  all  denuded, 
or  in  any  way  changed  from  their  original  lie  and  position,  neither  is 
it  necessary  that  any  unusual  interval  should  have  elapsed  between  the 
production  of  the  lower  beds  and  those  that  overlap  them.  The  8im« 
plest  case  of  overlap  indeed  must  always  occur  wherever  any  bed 
originally  terminated,  since  the  next  bed  would  rest  partly  upon  that 
bed,  and  partly  upon  the  one  below  it. 

This  form  of  overlap  must  then  be  of  general  or  even  universal 
occurrence  among  stratified  rocks,  and  need  not  be  more  particularly 
described  than  it  has  been  already,  when  speaking  of  the  ^  extent  and 
termination  of  beds**  at  p.  183.  It  is  the  same  minor  and  local  form 
of  overlap  that  contemporaneous  erosion  and  filling  up  is  of  uncon* 
formabiLity.  True  "  overlap,"  however,  la  of  more  importance,  since 
it  occurs,  not  merely  with  respect  to  new  beds  or  small  sets  of  beds,  but 
among  laige  groups  in  a  conformable  series,  which  overlap  each  other 
successively,  in  consequence  of  the  newer  groups  spreading  over  wider 
and  wider  areas  than  those  below  them. 

Instances  of  this  form  of  overlap  occur  with  respect  to  the  groups 
called  Old  Red  Sandstone,  and  Carboniferous  Limestone  in  many  parts, 
both  of  England  and  Ireland.  The  two  formations  are  always  oonfoiw 
mable  to  each  other  wherever  they  occur  together,  but  while  the  lower 
one,  the  Old  Red  Sandstone,  ia  in  some  places  many  hundreds  (or  even 
thousands)  of  feet  thick,  in  others  it  shews  merely  a  few  beds,  and  in 
others  does  not  occur  at  all,  so  that  the  Carboniferous  Limestone  must 
necessarily,  where  the  Old  Red  Sandstone  ia  absent,  rest  upon  Silurian  or 
other  lower  rocks.  In  like  manner  the  Coal-measures  in  some  parts 
overlap  the  Carboniferous  Limestone,  and  rest  upon  lower  rocks. 

Similar  ''overlap'*  seems  to  take  place  in  England  between  the 
different  members  of  the  Oolitic  series,  and  with  respect  to  the  upper 
Cretaceous  and  Wealden  groups,  though  it  is  not  improbable  that  in 
some  of  these  instances  it  becomes  actual  unconformability,  in  other 
words,  that  the  lower  group  had  been  more  or  less  worn,  and  a  new 
surface  formed  on  it  by  denudation  before  the  upper  was  dei)osited. 

7^  Oeological  Structure  of  the  county  Dublin, — ^It  is  sometimes  very 
necessary  to  take  notice  of  the  overlap  of  groups  of  beds  in  order  to 
form  a  right  notion  of  the  structure  of  certain  districts. 

An  instance  of  this  occurs  in  the  county  Dublin,  which  it  is  worth 
our  while  to  describe,  as  it  gives  us  an  excellent  example  of  the  com- 
bined results  of  denudation,  unconformability  and  overlap. 

We  have  in  tins  district  the  following  groups  of  rocks  : — 
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Aqusous  Bocks. 

.cj  /Coal-measures. 
S,  I  J  Carboniferous  Limestone. 
^  S  J  The  Lower  Limestone  sliale. 

£  void  Red  Sandstone. 

&  it  ei  {  ^^^  Silurian  Rocks. 

'S  <  The  same  altered  into  Mica  Schist 
(  Cambrian  Rocks. 


Ignboub  Rocks. 
Qranite. 

Hieze  are  also  certain  greenstones  and  other  igneous  rocks  associated 
with  the  Cambrian  and  Lower  Silurian  rocks,  as  dykes,  veins,  or  small 
bedded  masses,  but  these  need  not  be  noticed  here. 

The  southern  part  of  the  district  is  formed  of  hilly,  quasi-moun- 
tainous ground,  composed  of  granite  with  the  Lower  Silurian  rocks  on 
each  side  of  it.  These  Lower  Silurian  rocks  pass  into  mica  schist  with 
layers  of  semicrystalline  staurolite  or  andalusite  as  they  approach  the 
granite.  The  high  land  of  the  promontory  of  Howth  is  composed  of 
highly  contorted  Cambrian  rocks,  with  Carboniferous  Limestone  abutting 
directly  against  them  on  the  land  side.  Lambay  Island,  and  the  coast 
near  Portraine,  and  also  the  ground  about  Skerries,  and  some  distance 
to  the  north  of  it,  is  formed  of  the  Lower  Silurian  rocks. 

On  the  land  side  of  Portraine,  Old  Red  Sandstone  is  found  with  a 
thickness  of  some  300  or  400  feet,  as  may  be  seen  in  the  railway  cutting 
near  Donabate.  This  Old  Red  Sandstone  is  overlaid  conformably  by 
beds  of  black  shale  forming  the  base  of  the  Carboniferous  series,  and 
spoken  of  as  the  lower  Limestone  shale,  and  the  remainder  of  the  dis- 
trict consists  of  low  land,  beneath  which  are  found  the  tilted  and  often 
violently  contorted  beds  of  Carboniferous  Limestone  (see  fig.  31),  except 
in  one  or  two  places  where  that  limestone  dips  imdemeath  beds  of  black 
shale  which  are  the  base  of  the  Coal-measure  series.  Those  shales 
generally  form  low  rounded  lulls,  rising  100  or  200  feet  above  the 
level  of  the  denuded  surface  of  the  limestone  (see  fig.  87,  map). 

At  Crumlin,  three  miles  west-south-west  of  Dublin,  and  at  two  or 
three  other  places  in  that  neighbourhood,  angular  fragments  of  granite 
and  mica  schist,  and  layers  of  granite  sand,  have  been  found  in  the 
limestone.  Similarly,  on  the  shore  near  Rush,  and  farther  north 
towards  Skerries,  the  Carboniferous  Limestone  contains  large  blocks 
of  Lower  Silurian  trap  rocks  and  gritstones,  as  well  as  smaller  angidar 
and  rounded  fragments  of  those  rocks,  and  of  green  and  gray  slate, 


S02 


STBCCTCEK  OF  CODHTI  DUBLK. 


down  U)  fine  debris  of  the  adjacent  Lover  ^nrian  rocks,  BsmetimM 
to  such  a&  extent,  that  one  ot  two  beds  in  the  limestone  teeemble 
the  Lover  Silurian  rocks  of  Lombay,  Porttaine  or  Skerries,  rather 
Uian  a  bed  of  Carboniferous  Limestone.     Similar  beds  recur  in  the 
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country  a  few  miles  west  of  Swords,  where  howerer,  they  are  im- 
perfectly seen,  and  are  not  noticed  in  the  map  (fig.  87). 

The  first  thing  that  strikes  ns  in  looking  at  tlie  map  of  the  distztct 
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is  that  the  Upper  Fslnozoic  rocks,  taken  as  a  whole,  rest  in  different 
places  on  different  parts  of  the  Lower  Palseozoic  rocks,  and  upon  the 
granite.  The  npper  dierefore  are  completely  unconformable  to  the  lower. 
The  Lower  PaUsozoic  rocks  and  granite  now  lying  beneath  the  Carboni-i 
ferous  Limestone  most  have  a  precisely  similar  surface  beneath  it,  to  that 
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Tlie  Coal-measiiTes  are  marked  by  horizontal  lines,  and  are  foond  only  in  the  northera 
put  of  the  district,  the  small  patch  at  Lough  Shinny  ou^t  to  have  been  extended  oat  to  the 
abore  there ;  as  engraved  it  looks  as  if  it  were  intended  for  a  lake.  The  Old  Bed  Sandstone  i» 
represented  by  dots,  which  are  however  much  smaller  in  the  map  than  in  the  descriptivt 
labels. 

The  granite  has  been  included  among  the  Lower  Palieozoic  series  here,  because  the  Lein- 
ster  grsnite  was  certainly  injected  into  the  Lower  Silurian  rocks  before  the  termination  of 
the  Lower  Pakeosoic  period. 

which  they  have  where  they  rise  out  from  under  it  The  denudation  of 
the  Lower  Pabeozoic,  therefore,  which  bad  taken  place  previously  to  the 
Upper  Rdseozoic  period,  must  have  been  enormous,  and  the  present  sur- 
face of  the  ground  in  the  Lower  Palaeozoic  part  of  the  country  was 
nearly,  and  in  some  places  quite  arrived  at  during  that  early  geological 
time.  Any  denudation  at  all  events  that  has  happened  to  the  Lower 
Palseozoic  rocks  since  the  time  of  the  deposition  of  the  Carboniferous 
Limestone  must  be  insignificant  compared  with  that  which  had  been 
completed  before  that  time. 

Although  there  is  not  in  the  district,  then,  any  good  section  shewing 
the  junction  of  the  Upper  Palaeozoic  rocks  with  those  below  them,  the 
mere  inspection  of  the  country,  or  of  the  map,  completely  establishes 
the  fact  of  this  previous  denudation,  and  wide  unconformability. 

The  fragments  of  gianite  emb^ded  in  the  limestone  at  Crumlin 
and  other  places,  also  prove  that  the  granite  was  at  the  surface  before 
the  Carboniferous  period. 

The  next  thing  that  would  strike  us  is,  that  although  there 
are  so  many  miles  of  boundary  to  the  Upper  Palaeozoic  rocks,  yet  the 
Old  Red  Sandstone  and  lower  Limestone  shale  only  appear  at  one 
part,  and  that  near  the  centre  of  the  district.  Along  both  the 
southern  and  northern  boundaries  of  the  Upper  Palaeozoic  country, 
there  is  no  appearance  of  the  base  of  the  Upper  Palaeozoic  rocks ;  not 
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only  so,  but  jodgiiig  from  the  dip  of  the  rocks,  marlc«d  \>j  arrows  in 
the  map,  it  appears  as  if  the  upper  beda  dipped  towards  the  southern 
botmdaiy,  and  therefore,  that  ve  had  there  an  upper  instead  of  the 
lowest  part  of  the  seriea.     This  was  for  a 
long  time  an   inexplicable   phenomenon  to 
me   when   eiamining   the   countij,  until   I 
visited  the  neighbourhood  of  a  place  called 
"  Naul,"   near  the  northern  maigin  of  the 
district,  in  company  with   Mr.  Dn  Noyer. 
It  then  immediately  struck  me  that  certajn 
beda  of  black  ahale  just  south  of  that  place, 
belonged  in  reality  to  the  Coal-measuies,  B 
conclusion    since    amply  confirmed  by  Hr. 
u  U    Baily,  when  he  examined  the  foasils.*     It 
g  i^   was  tben  clear  that  in  this  neighbourhood 
^  -3    we   had  the   nppennost  beda    of   all    dose 
I  I    to  the  boundary,  and  even  in  some  parts 
S  g   restingdirectlyontheadjacentLowerSiluQaii 
g  «    rocks,  while  the  lowest  beds  of  the  Upper 
g  ^    Falffiozoic  Beriea  existed  only  in  the  centre 
I  I   of  the  district 
jj  1  4  These  facte  I  at  once  perceived  were 

^  ,S  £    explicable  only  on  the  principle  of  "  orcr- 
■c  I    lap,"  in  the  following  way : — 
^  g  The  whole  district  must  have  been  dry 

J  e    land,  formed  of  Lower  Falnozoic  locks,  with 
^  €    a  widely  denuded   sur&ce,  as  before  ez- 
I  \J/{'i  I  J    P'^^^    Tim  dry  land  became  subject  to 

'  2  ■    depression  in  the  early  part  of  the  Upper 

g  I  Palffiozoic  period.  The  part  about  Portaine 
I  °  was  either  lower  than  the  parts  south  of  Dub- 
•c  lin  and  west  of  Skerries,  or  was  depressed 
°  more  rapidly  than  them,  so  as  to  be  the  first 
^  part  which  was  brought  below  the  level  of 
J^  the  water.  Certain  beds  of  sand,  now  form- 
I  ing  the  Old  Red  Sandstone  of  that  locality, 
%  were  accumulated  there,  and  certain  beds  of 
"CI  X  ^       black   shale,  forming  the  lower  Limestone 

shale,  were  deposited  over  them  as  the  de- 
pression   continned.     These   beds  did  not 
extend  far  to  the  north  or  south  of  that 
locedity,  simply  because  the  water  ended  against  the  shore,  within  a 
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Fig.  89,  a. 
Section  at  line  A  in  llg.  87. 


short  distance  of  it.  As  the  land,  however,  continued  to  sink,  the 
water  extended  farther  and  further  over  it,  and  the  beds  deposited  in 
that  water  acquired  in  like  manner  a  wider  and  wider  extension,  and 
altogether  overlapped  those  beneath  them,  as  suggested  in  fig.  88. 

It  is  probable  that,  as  a  final  result,  horizontal  beds  of  Coal-measures 
spread  over  the  whole  area,  resting  upon  the  granite  of  the  Dublin  and 
Wicklow  Mountains  on  the  south,  and  on  the  Lower  Silurian  hills  of 
Meath  on  the  north,  and  completely  concealing  all  the  limestone 
below. 

The  subsequent  actions  of  disturbance,  of  elevation  with  its  concomi- 
tant tilting,  contortion,  and  fracture,  and  the  subsequent  denudation 
resulting  from  the  rocks  being  lifted  up  through  the  sea  level,  brought 
to  light  the  lower  limestones  and  sandstones  in  different  places,  accord- 
ing to  circumstances,  and  re-exposed  parts  of  the  Lower  Palodozoic  rocks 
that  had  been  covered. 

At  different  *  places  where  these  Lower  Palaeozoic  rocks  are  now 
re-exposed  at  the  surface,  we  find  them  gf^^  l\>rtraine 
passing  under  different  members  of  the 
Upper  FlalsBOzoic  series.  At  Portaine  (see 
mctwrijfg,  89,  a),  we  find  the  Lower  Silurian 
rocks  covered  by  the  Old  Red  Sandstone 
and  the  Limestone  shale,  as  well  as  by  the  Carboniferous  Limestone 
above  them.  We  may  suppose  that  we  have  here  the  part  beneath  the 
letter  a,  in  fig.  88,  brought  up  to  the  surface. 

At  another  place  we  should  have  the  "lie  and  position**  of  the 

rocks,  as  shewn  in  fig.  89  by  which  is 
taken  between  two  little  places  called 
the  Man  of  War,  and  the  Cross  of  the 
Cage,  three  or  four  miles  west  of  Sker- 
ries. Here,  there  appears  neither  the 
Old  Red  Sandstone,  nor  the  Limestone 
shale,  but  merely  a  portion  of  the 
Carboniferous  Limestone  resting  imconformably  on  the  Lower  Silurian 
rocks,  and  covered  conformably  by  the  base  of  the  Coal-measures. 
This  woidd  answer  to  the  part  beneath  6,  in  fig,  88. 

Two  miles  further  west  again  we  have  the  section,  as  in  fig.  89  <r, 
taken  at  a  place  called  Bog  of  the  Ring 
along  the  line  marked  C  in  the  map,  where 
the  Coal-measures  seem  to  be  in  direct  con- 
tact with  the  Lower  Silurian  rocks,  resting 
of  course  unconfonnably  upon  them,  but 
without  the  intervention  of  any  of  the 
lower  members  of  the  Upper  Palaeozoic  series.  This  would  be  the 
exposure  of  the  part  beneath  the  letter  c  in  fig.  88. 
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Fig.  89,  h. 
Section  along  line  B  in  fig.  87. 
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The  conglomerates  consisting  of  fragments  of  Lower  Silurian  rocks, 
which  are  found  in  several  parts  of  the  Carboniferous  Limestone,  are 
probably  derived  from  the  waste  of  some  isolated  crags  or  peaks  which 
remained  for  a  time  exposed  to  the  action  of  the  waves  of  the  Carboni- 
ferous sea,  and  were  finally  destroyed  by  them,  and  the  materials 
strewed  around  over  the  bed  of  the  sea. 

The  granitic  and  metamorphic  fragments  in  the  limestone  south 
of  Dublin,  may  possibly  have  had  a  similar  origin,  or  they  may,  as 
previously  suggested,  have  adhered  to  the  roots  of  trees  that  grew  upon 
what  are  now  the  Dublin  and  Wicklow  Mountains,  and  were  swept 
down  by  floods  into  the  adjacent  sea. 

The  Hill  of  Howth  clearly  existed  as  an  island  with  very  much  its 
present  outline,  so  far  as  its  base  is  concerned  at  all  events,  in  the 
Carboniferous  sea,  and  was  certainly  in  part,  probably  altogether, 
enveloped  and  inclosed  in  beds  of  Carboniferous  Limestone  which  were 
formed  in  that  sea.  Some  of  the  old  conglomerates  formed  on  its 
surface  may  still  be  seen  in  Balscadden  Bay,  near  Howth  harbour. 

The  black  shales  which  are  frequent  in  the  upper  part  of  the 
Carboniferous  Limestone,  and  which  are  still  more  abundant  in  the 
lower  Coal-measures,  which  are  indeed  almost  entirely  composed  of 
them,  may  probably  be  derived  from  the  waste  of  a  land  of  similar 
composition  (Lower  Silurian  or  other  rock),  to  which  the  sea  had  now 
gained  access  in  consequence  of  the  continuance  of  the  depression. 

The  whole  circumstances  of  the  gradual  depression  of  the  country 
during  the  formation  of  the  Carboniferous  rocks  of  Dublin  and  the 
neighbourhood  might  very  well  be  repeated,  mutatis  mutanda^  if  the 
country  were  again  slowly  depressed,  and  a  series  of  tranquilly  deposited 
rocks  were  slowly  and  gradually  formed  upon  it. 

It  is  hoped  that  a  careful  perusal  of  the  preceding  descriptions  will 
shew  the  importance,  both  practical  and  theoretical,  of  paying  attention 
to  the  structures  known  as  overlap  and  unconformability,  and  will  also 
be  sufl&cient  to  enable  us  to  take  for  granted  that  overlap  is  in  itself  a 
proof  of  depression  having  taken  place,  while  imconfoimability  may  be 
held,  as  already  shewn,  to  involve  the  occurrence  of  elevation  and 
denudation,  the  probable  existence  of  dry  land,  and  of  subsequent  de- 
pression. 


CHAPTER  XVIL 

THS  ORAKinO  OB  HYFOGENOUB  ROCKS. 

In  the  pievious  chapters  devoted  to  that  part  of  Geognosy  which  is 
hiere  called  Petrology,  we  have  examined  chiefly  the  petrological  rela- 
tions of  the  Aqueous  Rocks.  It  now  behoves  us  to  examine  those  of 
the  Igneous  class. 

The  different  kinds  of  igneous  rocks  have  been  described  under  the 
head  of  lithology,  and  it  was  shewn  that  these  differences  partly  de- 
pended on  the  difference  of  their  chemical  composition,  and  partly  on 
the  texture  resulting  fix)m  the  physical  circumstances — as  pressure  and 
rate  of  cooling — under  which  their  consolidation  took  place.  The 
Granitic  rocks,  or  those  which  are  most  completely  crystalline  and  most 
thoroughly  saturated  with  silica,  cooled  slowly  and  under  great  pres- 
sure, that  is  to  say,  at  some  considerable  depth  in  the  interior  of  the 
crust  of  the  globe. 

The  Volcanic  rocks,  on  the  other  hand,  were  consolidated  at  the 
surface,  while  the  intermediate  and  variable  class  which  we  have  called 
Tiappean,  may  have  been  solidified  imder  various  and  intermediate 
conditions. 

Fundamental  Granite, — As  a  matter  of  fact,  it  has  been  found 
that  in  all  parts  of  the  globe,  wherever  the  base  of  the  aqueous  rocks 
has  been  brought  up  to  the  surface  and  exposed  to  view,  that  base  rests 
upon  granitic  rocks.  By  the  "  base  of  the  aqueous  rocks"  is  meant  the 
lowest  aqueous  or  sedimentary  rocks  known  in  the  particular  locality, 
whatever  iiuiy  he  their  age^  whether  they  be  some  of  the  oldest  known 
rocks,  or  whether  they  be  of  a  much  later  date  than  those,  and  whether 
they  retain  their  original  characters  unaltered,  or  have  been  metamor- 
phosed into  Mica  Schist,  Gneiss,  or  any  similar  rock. 

It  is  by  no  means  intended  to  assert  that  the  converse  of  this  is 
true,  and  that  wherever  Granite  is  found  at  the  surface,  there  the 
lowest  of  all  known  rocks,  or  even  the  lowest  rocks  of  that  particular 
locality,  will  l^e  found  reposing  on  it  On  the  contrary,  we  shall  see 
presently  that  Granite  always  comes  through  great  masses  of  rock,  with- 
out bringing  them  up  along  with  it.  But  at  every  place  where  tmy  rock 
does  make  its  api^earance  at  the  surface  from  underneath  the  lowest  of 
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the  stratiJUd  rocks  known  in  that  locality,  that  rock  Ib  a  granitic  one, 
and  wherever  any  large  mass  of  Granite  comes  to  the  surface,  we  have 
no  reason  to  believe  that  any  other  rock  but  Granite  would  be  found 
imdemeath  it.  I  do  not  here  speak  of  any  veins,  or  intrusive  dykes  or 
sheets  of  Granite,  but  of  large,  widely  extended  masses.  In  short,  we 
have  every  reason  to  believe  that  if  we  pierced  vertically  downwards 
into  the  earth  at  any  part  of  its  surface  whatever,  we  shoidd  eventually 
come  either  to  Granite  or  to  yet  molten  and  unconsolidated  rock,  which 
on  cooling  would  form  Granite.  Again,  in  many  parts  of  the  world, 
Granite  is  found  occupying  large  areas  of  the  sur£Eu^e  ;  and  we  have  no 
'reason  to  suppose  that  any  other  rock  but  Granite  would  be  found  imder 
those  surfaces,  although,  if  we  sank  deep  enough,  we  might  perhaps 
come  eventually  to  red-hot  Granite,  and  idtimately  to  yet  molten  Granite. 
These  facts  and  these  opinions  have  naturally  led  many  early  geologists 
to  the  conclusion  that  the  earth  was  a  once  molten  globe  of  fiery  matter, 
and  that  on  cooling  there  was  formed  about  it  a  primaeval  crust  of 
Granite  ;  and  they  hence  inferred  that  much  of  the  Granite  now  to  be 
found  at  or  near  the  surface  was  actually  part  of  this  piimseval  crost 
At  one  time,  indeed,  it  was  held  that  all  Granite  had  this  primaerval 
character  ;  but  this  notion  has  long  been  exploded,  since  intnuwe^  and 
therefore  subsequently  consolidated  masses  of  Granite,  have  been  found 
penetrating  rocks  of  almost  aU  ages  in  different  parts  of  the  earth. 

Primceval  Oranitey  or  Primitive  Rocks  not  now  known  anywhere 
to  exist, — If  we  admit  the  hjrpothesis  of  the  earth  having  once  been  a 
molten  globe,  as  a  probable  one,  it  by  no  means  follows  that  the  first 
formed  rocks  on  the  cooled  surface  woidd  be  Granite,  even  if  they  con- 
tained the  constituents  of  Granite.  Judging  by  the  analogy  of  what 
takes  place  now  in  volcanoes  we  should  expect  the  first  cooled  surface 
to  have  been  a  premiceous  or  scoriaceous  lava,  rather  than  a  Granite. 
If  the  refrigeration  went  on  for  a  time,  one  might  suppose  that  beneath 
such  a  porous  envelope  the  rocks  would  become  more  and  more  com- 
pact and  crystalline,  and  eventually  granitic  below,  and  it  is  of  course 
impossible  for  us  to  prove  that  some  of  this  supposed  originally  formed 
Granite,  if  it  ever  existed,  may  not  be  somewhere  or  other  in  existence 
still.  We  may,  however,  very  fairly  maintain  from  what  we  already 
know  of  the  earth's  surface,  that  none  of  the  rocks  now  open  to  our 
observation  can  date  back  their  formation  to  this  quasi-fabulous  and 
mythical  age  of  the  earth,  this  pre-geological  period  of  its  dura- 
tion. 

Whatever  may  have  been  the  nature  of  the  primasval  crust  of  the 
globe,  that  crust  had  been  more  or  less  completely  destroyed  and 
remodelled  by  the  erosive  action  of  water,  and  the  remelting  action  of 
heat,  before  the  commencement  of  even  the  earliest  of  our  geological 
periods.     The  very  lowest  of  the  unaltered  stratified  rocks  of  which 
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the  age  is  known,  namely^  the  Cambrian  of  North  Wales  and  Ireland, 
aie  made  up  of  induiated  days,  Bandsi  and  grayels,  which  were  derived 
from  the  waste  of  pireyionflly  exiating  stratified  rocks,  exactly  like 
tfaemaelyesL — {Pnffeuor  Bamny^  Journal  of  OeoL  Soc^  voL  ix.,  p.  168.) 
The  cmst  of  the  earth  then,  was,  before  that  earliest  of  our  periods,  made 
np  of  stratified  and  nnstratified  aqueous  and  igneous  rocks,  as  it  is  now 
made  up  of  them.  Just  so  much  of  these  early  rocks  are  preserved  to  us 
aa  have  not  been  since  destroyed  by  the  action  either  of  fire  or  of  water. 
Over  very  large  areas  very  early  rocks,  having  been  attacked  from 
above,  have  been  eroded  and  destroyed  by  the  action  of  water ;  and 
the  old  base  on  which  they  rested  has  been  denuded,  and  is  either 
now  exposed  at  the  surface,  or  has  been  re-covered  by  other  rocks 
subeequently  deposited  upon  it  Over  very  laige  areas,  very  early 
rocks,  haidng  been  attack^  from  below,  nave  been  so  baked,  so  altered 
and  metamorphosed  by  the  action  of  heat,  and  by  the  many  physical 
and  chemical  forces  which  heat  has  set  in  motion,  as  to  have  been 
altogether  transformed  £rom  their  original  state,  and  many,  of  both 
aqueous  and  igneous  origin,  actually  remelted  down  perhaps,  and 
reabsorbed  into  the  molten  masses  of  the  interior,  in  which  they  either 
still  remain  as  molten  rock,  or  £rom  which  they  may  have  been  subse- 
quently reconsolidated  as  newer  igneous  rock.  Some  ancient  rocks 
have  been  in  other  areas  spared  by  both  these  processes  ;  but  as  these 
processes  are  continually  going  on,  and  continually  shifting  their  areas 
of  action,  it  is  dear  that,  in  proportion  to  their  antiquity,  all  rocks 
must  have  been  more  or  less  affected  by  them,  and  that  we  can  reason 
back  to  a  period  in  the  earth's  history,  the  coeval  rocks  of  which  have 
only  one  or  two  undestroyed  or  unaltered  areas  still  left  upon  the  globe ; 
and  going  one  or  two  steps  still  farther  back,  we  arrive  at  a  period  of 
which  Twne  of  the  coeval  rocks  can  remain  in  their  original  state. 

Pontion  and  Form  of  Granite.  —  Granite  generally  makes  its 
appearance  at  the  surface  in  large  masses,  occupying  couBiderable  areas, 
and  extending  for  a  great  but  unknown  depth  into  the  interior.  Veins 
of  Granite,  often  branching  and  crossing  each  other,  usually  proceed 
from  these  masses,  penetrating  the  adjoining  rocks,  and  apparently 
detached  dykes,  or  wall-like  sheets,  of  granitic  rock  are  frequently  found 
in  their  neighbourhood,  running  sometimes  for  several  miles  in  straight 
lines  through  other  rocks. 

Smaller  bosses  of  Granite  are  likewise  not  unfrequent  in  such  dis- 
tricts, apparently  the  tops  and  eminences  of  larger  masses  that  are  still 
concealed  below. 

Granite  sometimes  forms  high  moxmtainous  ground,  the  hills  com- 
posed of  it  having  commonly  a  heavy  roimded  outline  and  sombre 
aspect.  Sometimes,  however,  Granite  is  foimd  as  the  surface  rock  over 
considerable  spaces  of  low  gently  imdulatiug  groimd,  in  which  case  the 
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plain  is  commonly  diyersified  by  small  rounded  knobs  and  bosses  of 
rock. 

Qramte  is  frequently  described  as  the  rock  foiming  the  axis  of 
mountain  chains,  or  the  nucleus  of  mountain  masses. 

If  it  ever  form  the  true  axis  of  a  mountain  mass,  the  rocks  which 
rest  upon  it  will  dip  from  it  in  every  direction,  and  the  lowest  of  the 
stratified  rocks  will  be  foimd  nearest  to  the  Granite,  as  in  fig.  00,  where 


Fig.  90. 
Supposed  position  of  granite. 

Q  is  a  mass  of  Qranite  forming  the  axis  of  a  range,  and  1,  2,  3  are  the 
stratified  rocks  dipping  from  it  in  each  direction,  the  lowest  or  oldest, 
No.  1,  being  next  to  the  granite,  and  the  highest  or  newest,  No.  3,  the 
furthest  from  it  Without  attempting  to  deny  that  Granite,  in  some 
instances,  does  hold  this  position,  I  am  yet  inclined  to  doubt  whether  it 
has  not  in  many  cases  been  assigned  t9lt  as  a  matter  of  course,  without 
adequate  investigation.  I  am  disposed  to  suspect  that  the  rocks  nearest 
the  Granite  having  been  most  altered,  and  the  most  altered  rocks  having 
been  assmned  to  be  the  oldest  or  lowest,  this  position  may  often  have 
been  taken  for  granted  instead  of  proved.  Having  personally  examined 
large  granitic  tracts  in  the  west  of  England  and  south-east  of  Ireland, 
in  central  France,  in  Newfoundland,  at  the  Cape  of  Good  Hope,  and  in 
both  eastern  and  western  Australia,  in  no  instance  did  I  ever  find  a 
granitic  mass  forming  a  true  geological  axis. 

The  granitic  district  in  the  south-east  of  Ireland,  extending  from 
Dublin  Bay  to  near  New  Ross  in  county  Wexford,  is  the  lai^gest  surface 
exposure  of  Granite  in  the  British  Islands,  being  70  miles  long  and  from 
7  to  1 7  miles  wide.  There  were  in  this  district  at  least  two  great  geolo- 
gical formations,  each  consisting  of  slates  or  shales  and  sandstones,  and 
each  several  thousand  feet  thick,  at  the  time  of  the  upward  intrusion  of 
this  Granite.  These  two  formations  are  known  as  the  Cambrian,  which 
is  the  lowest  or  oldest,  and  the  Lower  or  Cambro-Silurian,  which  rests 
in  some  places  unconformably  upon  the  Cambrian.  Now  in  no  instance 
is  any  part  of  the  lower  or  Cambrian  formation  found  reposing  on  or 
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"""'Tig  against  llie  Qranite  at  the  aai&ce,  thongh  it  does  come  to  the  aur- 
&ee  in  aome  places  vithin  two  oi  three  miles  of  the  Qrauite,  as  ehewn 
in  fig.  91.    The  Lower  Silurian  rocka,  bowevei,  have  been  broken  into 
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and  altered  by  the  Qranite,  for  a  thicknesa  of  some  hnmlreda  of  feet 
aronnd  it,  and  hare  been  penetisted  by  Unmite  veins  and  protuberant 
masses  ;  and  we  are  compelled  to  suppose,  therefore,  that  the  Oranite 
must  have  come  through  the  Cambrian  rock  below,  before  it  can  have 
penetrated  into  the  Cambro-Silurian  rocka.  Neither,  although  the 
main  direction  of  the  Granite  is  approiinmtely  paraUel  to  the  general 
strike  of  the  rocks  and  principal  lines  of  disturbance  in  the  district, 
does  the  intrusion  of  the  Granite  seem  to  have  been  the  cause  of  the 
general  elevation  of  the  country,  but  simply  to  have  partaken  of  it, 
along  vith  the  other  rocks,  and  to  have  had  its  direction  governed  by 
the  direction  of  the  forces  of  dixturbance  that  were  actin),'  at  the  time 
ot  its  intrusion,  or  have  acted  eiuce  that  time.  The  Cambro-Silurian 
slates,  which  are  frequently  vertical  and  greatly  contorted  over  all  the 
district,  often  appear  to  dip  towards  the  Granite,  at  a  distance  of  about 
two  or  three  miles  from  its  present  auriace  boundary,  and  to  have  been 
only  so  for  affected  by  the  proper  elevatory  action  of  the  Granite  as  to  be 
crumpled  up  or  dog-eared  against  it  for  a  short  distance  close  upon  its 
flanks  (see  %  91). 

If  we  passed  from  Ireland  into  Cornwall  and  Devon,  similar  con- 
diudons  could  be  drawn  from  the  relations  of  the  granitic  masses  there 
with  rocks  of  a  still  newer  date,  namely,  with  those  called  Carhoni- 
ferouB  and  Devonian.  The  Granite  penetrates  and  alters  rocks  of  both 
those  periods,  and  is  therefore  newer  than  both.  It  has  not,  however, 
by  its  irruption  brought  np  the  lowest  rock,  namely,  the  Devonian, 
everywhere  on  its  fianks.  On  the  contrary,  where  it  cuts  into  and 
alters  the  Carboniferous  rock^  we  ore  compelled  to  suppose  that  it  luts 
passed  through  and  left  behind  the  Devonian.  Neither  docs  the  granite 
ot  Cornwall  and  Devon  appear  to  have  acted  in  any  sense  as  a  geological 
asds  or  centre  of  elevation,  but  simply  to  liave  partaken  with  the  rocks 
of  the  district  of  whatever  disturbances  occurred  during  or  ^ce  it» 


312 


GRANITE  AND  OLDER  ROCKS. 


mtrasioii ;  and  tlie  granitic  veins  appear  to  have  beea  (shot  into  the 
cncks  and  crevices  of  the  rocks,  whidi  were  opened  for  them  by  pre- 
vious disturbances,  and  not  to  have  made  any  of  those  craclra  and 
fissures  for  themselves.  Similar  conclusions  are  derivable  from,  an 
examination  of  the  Moume  moimtain  Qranite,  as  shewn  by  Professor 
Haughton*s  observations,  and  I  believe  they  may  be  drawn,  from  all 
other  granitic  districts  in  Qreat  Britain  and  Lreland. 

In  other  parts  of  the  world,  as  has  been  said  before,  Qranite  is  found 
in  the  same  way  to  have  risen  up  into,  and  altered,  and  sent  veins  into 
rocks  of  still  newer  date,  belonging  to  the  Secondary  and  Tertiaiy 
periods ;  and  Qranite  must  be  forming  now  wherever  molten  xo<;)c  of 
the  proper  chemical  composition  is  cooling  imder  the  requisite  physic&l 
conditions,  that  is,  deeply  seated  imder  the  pressure  of  great  masses  of 
other  rock. 

Qranite  more  likely  to  he  associated  with  Older  than  Newer  Bocks 
from  its  source  being  ininterior  of  Earth, — It  is  doubtless  true  that  Qranite 
is  found  more  frequently  associated  with  the  older  rocks  than  with  the 
newer  ;  in  other  words,  with  the  lower  rather  than  the  higher  rock& 
The  reason  of  this,  however,  is  dear,  from  the  very  source  of  Qranite 
being  in  the  interior  of  the  earth.  Qranite,  in  order  to  reach  the 
higher,  must  pass  through  whatever  lower  rocks  there  may  be  in  the 
way.  Many  injections  of  Qranite  may  have  proceeded  a  certain  distance 
from  the  interior,  penetrating  only  the  lower  rocks ;  but  none  can  have 
reached  the  upper  without  penetrating  the  lower. 

That  Qranite  should  be  most  frequently  associated  with  the  lowest 
rocks  follows,  too,  from  the  very  nature  of  Qranite.  Molten  rock  that 
reached,  or  came  near  to  the  surface,  woidd  not,  on  consolidating,  form 
Qranite,  but  some  other  kind  of  igneous  rocks — a  felstone  trap,  ofr  a 
trachytic  lava,  as  the  case  might  be. 

There  is,  also,  still  another  reason  why  granite  is  found  principally 
in  connection  with  rocks  that  have  formerly  been  deep-seated,  and  that 

,  is,  that  all  Qranite 

now  found  at  the  sur- 
face must  be  there 
in  consequence  of 
vast  denudation  hav- 
^X!^  ing  taken  place,  by 
g  which   great  masses 

Fig.  92,  of  other  rocks  have 

The  dotted  lines  represent  the  fonner  extension  of  stratified  been  removed,  to- 
rocks,  eqoAlly  penetrated  by  g,  the  granite,  but  the  penetrated  gether  perhaps  with 
parts  removed  by  denudation.  ^^^  ^^  ^^  Qnmt^ 

that  once  existed  above  the  present   surface.     This  denudation,  of 
course,  exposes  the  lower  rock  to  view,  while  the  parts  of  the  higher 
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rocks  that  were  perhaps  equally  penetrated  by  the  Granite  have  been 
swept  off  and  removed  (see  fig.  92) ;  the  other  parts  which  remain 
bemg  now  at  a  distance  from  the  Qranite,  and  shewing  no  signs  of  such 
penetration. 

It  is  therefore  where  the  lowest  or  oldest  rocks  come  up  to  the 
surface  that  we  should  expect  most  frequently  to  meet  with  surface 
Granite,  as  we  ^d  to  be  the  case. 

Relative  Age  of  Oranite  Mtuses  as  proved  by  that  of  their  Denu- 
dation, — ^It  has  already  been  said  that  the  Granite  of  the  south-east  of 
Ireland  penetrates  no  rock  more  recent  than  the  Lower  Silurian,  while 
that  of  Cornwall  and  Devon  intrudes  into  the  more  recently  formed 
Devonian  and  Carboniferous  formations.  That  of  the  Moume  moun- 
tains in  the  north-east  of  Ireland  also  penetrates  and  alters  the  Carbon- 
iferous Limestone.  These  facts  would  in  themselves  raise  a  presiunption 
that  the  Cornwall  and  Moume  mountain  granite  was  of  much  more 
recent  origin  than  that  of  Leinster.  Taken  by  themselves,  however, 
they  are  not  sufilcient  to  prove  this  relative  age,  since  it  might  be*  sup- 
posed that  they  were  contemporaneous,  but  that  the  Leinster  Granite 
did  not  come  through  the  lower  rocks  so  as  to  reach  into  the  upper, 
while  the  Granite  of  the  other  localities  did  so. 

We  can,  however,  by  examining  the  relations  of  the  Old  Red  Sand- 
stone and  Carboniferous  Limestone  to  the  Granite  of  Leinster,  prove  that 
that  Granite  is  much  older  than  those  fonnations,  inasmuch  as  it  was 
not  only  perfectly  consolidated  before  they  were  formed,  but  actually 
denuded  and  brought  to  the  surface,  as  shewn  in  the  preceding  chapter. 

Before  the  commencement  of  the  Carboniferous  period  the  Leiuftter 
Granite  formed  the  bare  surface  of  some  of  the  dry  land,  just  as  it  now 
forms  that  of  the  Wicklow  moimtains,  and  the  bare  floor  of  some 
part  of  the  sea,  just  as  it  does  now  on  the  south  side  of  Dublin  Buy, 
and  would  to  a  greater  extent  if  Ii'eland  were  to  sink  down  2000 
feet  or  so.  The  Old  Red  Sandstone  and  Carboniferous  Limestone  wen; 
deposite<l  on  this  bare  surface,  and  iiicludc»d  fragments  of  it,  just  as 
rocks  would  do  now  if  it  were  to  be  so  depressed  and  deposition  to  take 
place  over  it. 

But  if  we  can  prove  thus  that  the  Leinster  Granite  was  consolidate<l 
long  before  the  Carboniferous  period,  we  can  also  prove  that  that  of 
Cornwall,  and  that  of  Ulster  was  still  molten  during  that  period,  and 
even  after  it,  or  at  all  events  till  towards  its  close,  since  it  penetrates 
the  rocks  tliat  were  formed  during  that  period. 

It  is  probable  that  the  Granite  of  the  two  latter  localities  is  older 
than  the  fonuation  of  the  New  Red  Sandstone,  though  no  locality  is 
kno'^^Ti  where  rocks  of  that  i)eriod  rest  on  the  bare  Granite  as  the  Old 
Red  doe.H  on  that  of  Leinster. 

(Jranite  Veins. — Granite  vein!?  often  differ   sensibly  in    lithological 
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developed  by  the  metamoTphism  in  those  layers  which  had  the  requisite 
constituents  to  fonn  the  mineral,  while  they  are  absent  from  the  inter- 
mediate layers. 

These  schistose  rocks  are  entirely  surrounded  by  the  Qranite,  and 
rest  in  hollows  of  it,  although,  as  may  be  seen  in  the  sketch,  their  beds 
dip  down  on  to  it  They  are  traversed  by  large  and  small  veins  of 
Granite,  one  vein  being  in  one  place  crossed  by  another  of  subsequent 
date,  though  not  probably  of  much  later  date,  since  the  whole  may 
have  been  the  result  of  one  continuous  and  perhaps  long  continued 
action. 

Other  veins  are  to  be  found  in  Granite  itself,  different  in  character 
from  the  surrounding  rock,  such  as  veins  of  eurite  (see  ante)  traversing 
coarsely  crystalline  and  highly  micaceous  Granite.  Such  veins  may 
sometimes  be  due  to  subsequent  intrusion  of  molten  matter  into  the 
cracks  of  the  Granite  ;  and  when  they  traverse  not  only  the  Granite  but 
the  adjacent  slates  or  other  aqueous  rocks,  as  in  the  above  example, 
they  are  obviously  intrusive. 

In  other  cases,  however,  they  seem  to  have  been  the  result  of  a 
mere  local  difference  in  the  aggregation  of  the  minerals  during  the 
consolidation  of  the  rock.  Instances  occur  of  granite  veins  not  more 
than  three  feet  wide  penetrating  the  mica  schist  at  Killiney,  near 
Dublin,  the  general  mass  of  such  veins  being  ordinary  coarse-grained 
micaceous  Granite,  but  parts  of  them  suddenly  changing  into  fine- 
graiued,  almost  compact  rock  (or  eurite),  in  transverse  bands  of  irre- 
gular shape.  These  bands  look  as  if  they  were  subsequent  veins  injected 
into  the  other  Granite  ;  but  as  they  are  strictly  confined  to  the  Granite 
veins,  and  do  not  penetrate  the  adjacent  slates,  it  is  impossible  to 
attribute  such  an  origin  to  them. 

Moreover,  iu  the  adjacent  Granite,  large  irregularly-shaped  masses 
of  this  compact  eurite  are  to  be  seen  coming  in  quite  suddenly,  but 
with  no  resemblance  to  a  subsequently  intruded  mass. 

I  believe,  then,  that  some  of  the  veins  in  a  granitic  mass  are  merely 
veins  of  segregation,  and  not  subsequently  introduced. 

Other  veins,  however,  are  doubtless  of  subsequent  origin,  intruded 
both  into  the  Granite  and  adjacent  slates,  but  even  in  these  cases  it  is 
probable  that  they  are  not  of  a  date  long  posterior  to  the  intrusion  of 
the  main  mass  of  the  Granite.  It  is  possible  that,  on  the  first  consoli- 
dation of  the  upper  portion  of  the  Granite,  that  which  was  in  contact 
with  the  superincumbent  rock,  cracks  and  fissures  might  take  place, 
into  which  injections  of  the  yet  molten  rock  below  might  be  forced. 
The  upper  consolidated  part  of  the  Granite,  although  no  longer  fluid 
from  heat,  might  yet  retain  a  very  high  temperature— might,  for  in- 
stance, be  red-hot,  so  that  the  veins  injected  into  it  might  be  soldered, 
as  it  were^  firmly  to  the  walls  of  the  fissures. 
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The  difference  in  texture  observable  in  some  of  these  veins  might 
be  due  to  the  different  rate  at  wliich  they  had  cooled  so  as  to  solidify  ; 
they  might  have  cooled  down  to  a  red-heat,  for  instance,  or  any  other 
requisite  temperature,  more  rapidly  than  the  general  mass  of  the  Granite 
had  cooled  down  to  that  temperature,  and  hence  the  size  of  their  crys- 
talline particles  might  be  different  from  that  of  tliose  in  the  main  mass 
of  the  Granite. 

The  "  elvans"  of  Cornwall  are  veins  of  quartziferous  porphyry, 
differing  from  Granite  chiefly  in  the  absence  of  mica.  Similar  elvans 
are  abundant  also  near  the  Granite  of  Leinster,  and  probably  in  the 
neighbourhood  of  all  other  granitic  masses.  They  are  obviously  veins 
derived  from  the  Granite,  since  that  particular  variety  of  rode  only 
occurs  in  districts  where  Granite  also  occurs,  and  they  are  generaUy 
more  numerous  as  we  approach  the  Gi-anite.  They  ai-e  often  traceable 
in  neai'ly  straight  lines  for  some  miles,  although  only  a  few  feet  in 
width,  several  of  them  sometimes  running  parallel  to  each  other  for 
such  a  distance,  with  inter^'als  of  two  or  tliree  or  more  hundred  yards 
between  them.  They  often  coincide  in  strike  with  the  slate  or  other 
rocks  in  which  they  lie,  though  they  generally  cut  obliquely  across  the 
dip  of  the  beds,  and  sometimes  also  across  their  strike.  They  often 
alter  the  i-ocks  in  contact  with  them  ;  not,  however,  like  the  larger 
Granit«  masses,  by  converting  them  into  mica  schist,  but  merely  pro- 
ducing a  greater  induration,  a  more  minute  joint  fracture,  and  a  brown 
ferruginous  tinge,  giving  them  what  might  be  called  a  "  burnt"  aspect. 

In  the  Leinster  district  the  rock  of  these  *^  elvans"  is  more  like  that 
obseiTable  in  the  small  outlying  bosses  of  Granite  which  just  shew 
themselves  through  the  slate  in  the  country  between  the  Granite  hills 
and  the  sea,  than  it  is  to  the  Granite  of  the  "  main  chain." 

Professor  Haughton,  in  Ids  paper  in  the  Journal  of  the  Geological 
Society^  vol.  xii,  and  that  wliich  he  published,  conjointly  iivith  myself,  on 
the  south-east  of  Ireland,  in  the  Traiuactions  of  the  R,  I,  Aoadtmy^ 
vol.  xxiii.,  part  2,  shews  that  the  feldspar  of  the  main  chain  Granite  is 
chiefly  or  entirely  orthoclase  or  potash  feldspar,  while  that  of  the  out- 
lying Granite  bosses  is  very  various,  some  of  the  Granites  containing 
more  soda  or  iron  or  aliunina  than  others.  He  attributes  this  to  the 
various  impurities  wluch  have  been  incorporated  with  these  granitic 
masses  while  they  were  yet  in  a  state  of  fusion. 

These  differences  ai-e  exactly  what  we  shoidd  expect  in  veins  of 
molten  matter  proceeding  from  a  large  homogeneous  mass  through  a 
great  thickness  of  other  rocks  which  varied  in  composition,  and  therefore 
absorbing  into  themselves  different  materials  on  their  passage. 

ApjHtrent  hiterstratification  of  Granite  and  Mica  Schist,  etc, — When 
granitic  veins  are  niuuerous  and  close  together  they  often  seem  at  the 
surface,  or  in  exposures  of  small  depth,  as  if  there  were  alternating  bedA 
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of  Granite  and  ^iica  schist  This  is  actually  stated  to  be  the  case  by 
Mr.  Weaver  in  his  excellent  paper  on  the  geology  of  the  south  of  Ire- 
land (in  the  fifth  volume,  p.  142,  et  seq^^  of  the  Trans.  Oeol,  Soc.,  Ist 
series)  with  respect  to  the  Granite  and  Mica  schist  of  the  eastern  flank 
of  the  Wicklow  mountains. 

An  examination  of  the  borders  of  the  Leinster  Granite,  however, 
with  the  maps  and  sections  of  the  geological  survey,  will  shew  that  this 
is  merely  the  result  of  original  irregularities  in  the  undulating  surface 
of  the  Granite,  and  of  the  veins  proceeding  from  it  at  the  time  of  its 
irruption. 

Original  Irregularities  in  Surface  of  Deep-seated  Mass  of  Granite,  and 
varied  Appearances  shewn  hg  varied  Denudation, — ^The  Granite  being 
forced  from  below,  upwards,  into  a  thick  overlying  mass  of  Cambro- 
Silurian  rocks,  in  and  below  which  it  ultimately  consolidated,  the 
internal  force  which  pressed  it  upwards  caused  not  only  injections  of 
the  yet  molten  rock  into  the  cracks  and  fissures  of  the  superincumbent 
mass,  but  undulations  in  the  general  surface  of  the  Granite,  some  parts 
of  the  overlying  mass  being  heavetl  up,  and  others  suiking  down  into 
the  yet  molten  Granite.  Ui*ged  by  the  force  below,  the  molten  rock 
would  burrow  upwards  and  sideways,  eating  away  support  after  support 
of  the  mass  above  it,  and  in  some  cases  actually  melting  them  down 
perhaps,  and  absorbing  their  materials  into  itself.  We  should  naturally 
suppose  that  as  long  as  the  granitic  matter  remained  completely 
fluid  its  motion  would  be  continuous,  but  as  it  cooled  and  passe<l  into 
a  pasty  state,  that  motion  woidd  become  more  and  more  sluggish  until 
it  finally  ceased  to  move,  l)ut  retained  the  undulations  in  the  form  of 
its  surface  which  were  last  unpressed  ujx)!!  it. 

The  upper  surface  of  the  Granite  mass  on  its  final  consolidation 
might  thus  be  an  excessively  irregular  one,  with  protuberant  mounds 
or  ridges,  and  <leep  hollows  and  indentations,  while  the  beds  of  the 
superincumbent  mass  would  not  be  likely  to  conform  at  all  to  this 
irregularity  of  surface,  but  would  often  dip  directly  down  on  to  it,  or 
abut  against  it  in  all  kinds  of  ways,  and  to  any  amount  of  inclination. 
When  such  a  surface  was  idtimately  brought  up  and  denuded  so  as  to 
form  the  surface  of  the  ground,  it  might  readily  produce  the  appearance 
of  interstratification  of  sheets  of  Granite  with  beds  of  the  other  rocks,  or 
of  the  other  rocks  having  been  brought  by  faults  abruptly  against 
masses  of  Granite  and  other  deceptive  forms,  very  likely  to  mislead  the 
observer,  unless  he  look  back  to  the  probabilities  of  the  origuial  case.     . 

It  may  often  happen  then,  even  where  beds  of  aqueous  rock 
are  highly  inclined,  or  absolutely  vertical,  that  the  Granite  may  be  at 
no  great  distance  below  the  surface,  and  if  the  rocks  exhibit  marks  of 
metamorphism  or  the  occurrence  of  granite  veins,  those  circimistances 
may  be  taken  as  good  evidence  for  the  proximity  of  the  Granite,  not- 
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wiUutanding  that  no  Urge  granitic  moss  abem  itself  at  the  present 
sorface  for  perhaps  several  milea.     [See  fig.  94.) 

These  ideas  respectiiig  the  original  subtwranean  fonn  of  the  surface 
of  Gianite  maasee  are  strongly  corrobotated  by.the  telatiinu  between  tbe 
Oranite  of  &e  Leinster  chain,  and  the  associated  and  paitlj  indnded 
masses  of  Mica  schist  in  different  parts  of  its  range,  those  relationa  often 
varying  according  to  variations  in  the  surface  of  the  ground,  or  in  other 
words,  according  to  the  extent  of  the  denudation  that  has  affected  them. 
In  those  parts  where  the  Granite  fomos  lofty  hills,  the  Mica  schist  spreads 
■  far  up  on  the  flanks  of  those  hills,  and  on  the  very  loftiest,  such  as 
Lngnaquilla  (which  is  over  3000  feet  ahove  the  sea),  large  patches  of 
Mica  schist  occoi  even  on  the  summit,  so  that  the  surface  exposure  of 
Oranite  is  there  narrowest  and  most  interrupted.  Had  the  hills  been 
left  another  GOO  or  1000  feet  higher,  the  Granite  would  apparently  have 
been  entirely  concealed  then  by  masses  of  Mica  schist  stretching  oom- 
pletely  over  it. 

On  the  other  hand,  where  the  Oranite  forms  low  ground,  as  about 
Tullow  and  Hackelstown,  its  surface  exposure  is  there  by  far  the  widest, 
and  all  tiie  central  part  of  it  is  completely  &ee  from  patches  of  mica 
schist. 

It  is  obvious  that  these  differences  are  the  result  of  the  different 
amount  of  denudation  that  has  acted  on  the  Oranite.  Where  the  ground 
is  loftiest,  we  have  the  nearest  approach  to  the  original  surface  of  tbe 
Granite  and  its  original  covering  of  other  rock  ;  where  the  denudation 
has  cut  down  deepest,  so  as  to  form  low  ground,  there  we  get  deeper 
into  the  Oranite  mass,  or  further  from  it«  original  surface,  to  a  depth, 
indeed,  to  which  no  moss  of  Mica  schist  could  penetrate,  nnleas  it  were 
altogether  detached  from  the  overlying  mass,  when  it  would  he  probably 
melt«d  down,  and  its  materials  absorbed  and  dispersed  through  tbe  mass 
of  the  molten  matter. 


isDUDg  tlis  nlmtlaiu  Iwtwnii  O,  m  gnnlte  n 
ta  rock ;  Ui«  llnu  a,  b,  ind  c,  d,  etc,  npiemiil 


Fig.  04  may  be  taken  ai 
views,  Q  G  representing  a  : 


a  diagrammatic  way  of  illustrating  these 
ass  of  Granite  gradually  forced  upwards 
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into  the  mass  of  slate,  S  Q,  whicli  had  been  already  disturbed  and 
tilted  in  variouB  directions.  The  Granite  would  ultimately  consolidate 
with  a  variously  irregular  surfiEu^,  from  which  numerous  veins  might 
proceed,  somewhat  in  the  way  delineated  in  the  figure. 

A  metamorphosis  into  Mica  schist  and  Qneiss  also  would  take  place 
in  the  parts  of  the  slates  nearest  to  the  Granite,  gradually  fading  away 
as  we  recede  from  its  general  outline.  This  is  attempted  to  be  repre- 
sented by  the  waved  and  zig-zagged  lines  shewn  in  the  parts  of  fig.  94 
near  to  ^e  Granite. 

If  subsequent  denudation  produce  the  surface  a  5,  none  of  the 
Granite  veins  may  be  seen  on  it,  although  part  of  the  slates  may  be 
sli^^y  metamorphosed,  so  as  to  be  called  ^  talcose  "  perhaps.  If  the 
denudation  be  continued,  so  as  to  produce  the  surface  c  d^A  few  veins 
will  reach  it ;  these  would  become  more  numerous  as  the  surface  e  f 
was  reached.  The  surface  y  A,  and  intermediate  surfaces  between  e  f 
and  it,  would  expose  some  of  the  Granite  with  many  patehes  of  Mica 
schist  upon  it,  and  apparently  dipping  down  into  it,  but  not  reaching 
&r,  as  would  be  shewn  by  their  absence  from  the  surface  »  y,  when  that 
was  reached.  The  width  of  the  Granite  area,  too,  would  be  much 
greater  on  the  surface  tj  than  on  ^  A,  and  would  necessarily  increase 
with  the  depth  of  the  denudation,  the  Granite  veins  being  seen  then 
only  on  the  sides  of  the  area,  and  no  patches  of  Mica  schist  occurring 
far  from  those  sides,  these  facts  becoming  still  more  marked  as  the 
denudation  successively  reached  the  still  lower  levels,  k  I,  and  m  ii. 

This  diagram  may  be  taken  as  a  general  exposition  of  the  facts  of 
the  case,  with  respect  to  the  exhibition  of  the  Leinster  Granite,  except 
that  the  supposed  surface  lines  a  b  and  c  d,  etc,  are  drawn  as  straight 
parallel  lines,  instead  of  variously  undulating  ones.  Judging  from  the 
maps  of  the  geological  survey,  the  explanation  would  apply  also  to  the 
Cornwall  and  Devon  district,  and  I  believe  it  will  be  eventually  found 
applicable  to  all  other  granitic  districts,  when  they  are  surveyed  with 
the  same  accuracy  and  minuteness  that  has  been  devoted  to  those  above 
named. 


CHAPTER  XVIII. 


TRAPPEAN    ROCKS. 


1.  Form  and  Mode  of  occurfeiice  of  Trap  Bocks, — The  trappean 
rocks  may  be  especially  characterised  as  overlying  rocks  when  compared 
with  the  granitic  class;  but,  inasmuch  as  they  always  proceed  from 
below,  it  is  obvious  that  every  overlying  mass  of  igneous  rock  must 
have  a  connection  with  some  underlying  mass  by  means  of  an  intrusive 
pipe,  dyke,  or  vein  (see  fig.  96).  The  terms  "pipe"  and  "vein" 
a  ^  sufficiently     explain 

themselves.  "Dyke" 
is  a  North  British 
term  for  a  "  wall ;" 
it  is  sometimes  by 
miners  applied  to  a 
mere  fault  or  fissure, 
but  by  geologists  is 
always  understood  to 
mean  a  wall-like 
mass  of  igneous  rock 
filling  up  a  fissure  in 
Pj^  gj  u  other  rocks.   A  dyke 

Orerlylng  trap  proceeding  from  underlying  mass.  may  come  up  through 

a,  The  overlying  igneona  rock.  any    kind    of    previ- 

6,  The  underlying  Igneous  rock.  OUsly    existing  rock, 

c.  The  previously  existing  rock,  whether  igneous  or  aqueous.  ^J^g^^j^gp    icneoUS    or 

aqueous,  trap  dykes  sometimes  traversing  granite,  and  overlying  masses 
of  trap  resting  on  that  or  any  other  kind  of  rock  whatever. 

They  may  also  reach  and  flow  along  all  kinds  of  places — the 
surface  of  the  dry  land,  when  they  become  volcanic  rocks,  and  would 
be  called  lava ;  the  bottom  of  the  sea,  when  they  would  probably  be 
called  lava  or  trap,  according  to  its  depth  and  the  circumstances  of 
time  and  pressure  under  which  they  cooled ;  and  in  between  the  beds 
of  aqueous  rocks  at  different  depths,  or  perhaps  between  the  horizontal 
or  other  joints  of  previously  cooled  igneous  rocks,  whether  granitic  or 
trappean. 

Those  portions  of  trap  rocks  which  have   spread  -out  upon  the 
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bottom  of  the  sea^  and  have  thus  become  bmied  between  two  consecu- 
tive deposits  of  aqueous  matter,  are  called  **  contemporaneous  traps." 

In  the  old  Silurian  districts  of  the  British  Islands  great  sheets  of 
feUtone  and  oi  feld^pathic  ash,  making  sets  of  beds  many  hundred  feet 
thick,  are  thus  interstratified  with  the  aqueous  rocks,  and  have  since 
suffered  with  them  all  the  accidents  of  flexure,  contortion,  and  fracture 
that  subsequent  disturbing  forces  have  brought  upon  those  districts. 
Some  fine-grained  traps  and  ashes  have  undoubtedly  been  even 
affected  by  slaty  cleavage  and  made  into  trappean  slate,  though,  as 
some  of  them,  like  the  clinkstones  of  Mont  Dor  an<l  Velay,  may 
assume  a  finely  laminated  or  slaty  structure  on  cooling,  this  character 
requires  to  be  very  carefidly  observed  before  it  is  attributed  to  the 
same  cause  that  cleaved  the  aqueous  rocks. 

Contemporaneous  or  bedded  felstones  with  accompanying  ashes,  as 
well  as  intrusive  masses  of  felstone,  occur  also  in  the  south-west  of 
Ireland,  in  the  Upper  Silurian  rocks  of  the  Dingle  Promontory,  in  the 
Old  Red  Sandstone  near  Killamey,  and  in  the  Caiboniferous  slate  of 
Bearhaven. 

Greenstone  likewise  occurs,  with  or  without  ash,  in  contemponmeous 
beds  as  well  as  in  veins  and  dykes,  and  as  intnisive  sheets  that  in  some 
places  take  the  form  of  beds. 

Intrusive  sheets  of  greenstone  have  been  traced  for  mile.s  in  the 
rocks  of  North  Wales,  during  the  geological  suiA'ey,  running  regularly 
between  two  sets  of  beds,  as  if  they  were  contemporaneous  tnips,  till  at 
length  they  were  found  to  cut  obliquely  up  or  down,  and  run  on 
between  other  beds. 

A  large  sheet  of  greenstone,  varying  in  thickness  from  20  to  60 
feet  at  least,  has  been  found,  by  mining,  to  spread  over  an  area  of  at 
least  twenty  square  miles  in  the  South  Staffordshire  coalfield,  lying  in 
one  part  of  the  district  at  a  depth  varying  from  30  to  70  feet  below  the 
'*  Bottom  coal,**  but  in  another  i)art  cutting  up  through  that  coal  and 
spreading  over  it,  and  sending  up  dykes  and  protuberant  bosses  in  some 
places  into  still  higher  measures. — {See  Mem.  GeoL  Surv.,  S.  Staff.  Coal- 
field, 2d  ed.,  p.  127.) 

In  such  cases  as  these,  we  may  supijose  that  having  been  forced  up 
through  previously-formed  fissures  to  a  certain  height,  the  molten  rock 
then  met  with  such  an  opposition  above,  that  it  was  as  easy  for  the 
force  which  was  impelling  it  to  lift  the  beds  above  as  to  break  through 
them.  The  planes  of  stratification  then  became  those  of  least  resist- 
ance ;  some  horizontal  cavities  or  some  marked  division  between  the 
beds  perhaps  was  taken  advantage  of,  and  the  molten  stream,  beginning 
to  flow  in,  wiis  injected  with  sufficient  force  to  float  the  mass  above 
upon  its  surface. 

Oreeiutones  occiu*  likewise  in  contemporaneous  beds  interstratified 
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with  both  "ash"  and  aqueous  rocks.  The  beds  of  "toadstone"*  in 
the  limestone  of  Derbyshire  form  one  instance  of  this,  and  other  cases 
occur  abundantly  in  other  parts  of  the  British  Islands  and  in  Ireland, 
as  will  be  mentioned  presently. 

Distinction  between  Contemporane<yM  and  Intruiive  Trap, — ^As  it 
is  sometimes  not  very  easy  to  distinguish  between  injected  sheets  of 
trap  and  contemporaneous  beds  of  it,  it  will  be  useful  to  examine  those 
circumstances  which  will  enable  us  to  do  so. 

If  a  sheet  of  trap  rock    (whether  felstone    or  greenstone),  after 

running  for  some  dis- 
J i  ] ( tance    between    two 

I  (        i  I  lit  ^1^^^^  beds,  cut  up 

-oiM QP  down  and  proceed 

between  other  beds, 
as  in  fig.  94,  it  is  ob- 
viously intrusive  and 
not  contemporaneous. 
K  the  beds  above 
a  sheet  of  trap  be 
as  much  altered  or 
"  baked"  by  the  igne- 
ous rock  as  those 
below,  or  if  it  send 
any  veins  up  into 
the  beds  above  it,  it  is  equally  plain  that  it  must  be  an  intrusive 
sheet. 

If,  however,  the  trap  runs  regularly  between  two  beds,  and  the  bed 
below  the  trap  be  altered,  while  that  above  it,  composed  of  equally 
alterable  materials,  is  quite  unaffected,  we  may  conclude  that  the  trap 
was  poured  out  and  flowed  over  the  surface  of  the  lower  bed,  and  that 
the  upper  bed  was  subsequently  deposited  upon  it ;  in  other  words, 
that  the  trap  is  contemporaneous  and  not  intrusive  as  regards  the  beds 
in  that  place. 

This  conclusion  would  be  confirmed  if  the  upper  surface  of  the  trap 
be  rugged  and  uneven,  and  if  the  stratification  and  lamination  of  the 
bed  above  conformed  to  these  rugosities,  as  suggested  in  fig.  97. 

In  the  "toadstone"  of  Derbyshire  globular  masses  of  its  upper 
surface  are  often  almost  completely  included  in  the  superincumbent 
limestone,  clearly  shewing  that  the  limestone  was  deposited  at  the 
bottom  of  the  sea  on  the  uneven  surface  of  the  cooled  trap. 

*  Toadstone  is  a  local  name,  either  given  because  the  rock  often  resembles  n  toad  in 
coloor,  or  derived  from  the  German  word  "todatein"  or  <<dead  stone,"  because  the 
lead  veins  "die  out"  on  approaching  the  toadstone,  and  were  supposed  not  to  recur 
beneath  it 


Fig.  96. 
«,  Stratified  rock, 
t.  Trap  running  partly  between,  partly  across  the  beds. 
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If,  again,  the  bed  abore  the  trap  contained  anj  fragments  deari; 
derived  from  the  erooon  of  the  trap,  it  would  prove  the  trap  to  be  a 
coQlemponuieoiu  one.     The  Carbonifemtu  Limeatone  of  the  count; 


Limerick  includes  great  beds  of  trap,  and  the  limeatone  beds  umnedi- 
atelj  above  theie  are  often  fall  of  little  grains  and  fragmentB  of  the 
tn^,  shewing  that  the  trap  was  in  existence  before  those  beds  of  lime- 
stone were  formed  over  it. 

When  beds  of  trap  {whether  purely  foldspathic  or  fcldspatho- 
homblendic)  are  clearly  interst  rati  tied  with  beds  of  "  ash"  or  "  tuff"  of 
the  same  character,  whether  that  ash  wvre  subaerial  or  submarine  ash,* 
it  becomes  almost  certain  that  the  trap  is  contemiiornncous ;  for  that 
ash  is  clearly  derived  from  some  contemporaneous  trap  Doniewhcrc,  and 
the  chances  would  be  ),Tcatly  against  a  sheet  of  similar  trap  being 
subsequently  injected  into  those  ashes,  without  producing  in  them  great 
and  obvious  alteration,  or  cutting  them  with  dykes  and  veins  so  as  to 
clearly  shew  its  intrusive  character. 

Even  should  the  ash  shew  a  considerable  amount  of  alteration  from 
its  original  state  as  a  mechanical  deposit,  such,  for  instance,  as  the 
pit>duction  of  crystals  of  feldspar  through  its  moss,  it  would  not  be  von- 
cloeive  evidence  against  its  being  an  "  ash,"  or  against  the  contem- 
poraneous age  of  the  trap  l)e<ls  associated  with  it,  since  such  alteration 
might  be  the  result  of  a  subsctjuent  general  action,  which  had  produced 
a  greater  effect  on  the  "  ofih"  than  on  the  other  rocks,  because  its  nature 
made  it  more  easily  impressible,  and  more  open  and  liable  to  change 
than  the  solid  igneous  or  the  Mmplc  and  mure  homogeneous  aqueous 

Instances  aluo  occur  of  a  genuine  "  ash"  looking  hke  a  porphyry 

*  The  atodent  must  ngud  tbe  (erm  "  nsli,"  IntioiIuFnl  1>y  Hir  II.  DC  Is  BcchF  Ba  mcKly 
as  Englifib  ifoniiyui  uf  lbs  lUilian  vonl  "  IiilT,"  gr  "  tuFs,"  icticii  Ilii^  latlur  la  ijipUtd  to 
igneom  maltrlBli..    TUo  aJ  vnaUfcT  <•(  UHing  Ihc  ItnQ  "  sali "  is  the  avoidnntu  c.f  Die  auibifuttj 
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from  containing  crystals  of  feldspar  or  hornblende  that  were  not  innate 
crystals  formed  in  it,  but  deposited  as  slightly  worn  and  rounded 
crystals  along  with  it 

The  Trajis  ami  Ashes  of  the  Lower  Silurian  Rocks  of  North  Wales. 
— In  some  parts  of  North  Wales  there  are  great  irregular  bosses 
and  moimtainous  masses  of  trap  of  various  kinds,  apparently  the  centres 
or  foci  of  eruption,  from  which  proceed  huge  coutinuous  sheets  of 
felstone  and  other  kinds  of  trap  spreading  over  great  areas  and  inter- 
stratified  with  "  ash,**  sandstone,  and  slate.  Still  more  widely-spread 
sheets  of  "  ash,**  sometimes  hardly  distinguishable  from  trap  when  near 
the  igneous  foci,  become  thinner  and  more  obviously  mechanical,  more 
completely  conglomeritic  or  brecciated,  or  more  calcareous  and  more 
regularly  bedded  as  we  proceeil  from  these  foci.  The  whole  of  these 
rocks  are  cut  through  and  penetrated  in  different  j)laces  by  subsequently- 
formed  dykes,  veins,  and  intrusive  sheets  of  other  traps  (greenstones, 
felstones,  syenites,  elvauites,  etc.),  altering  the  rocks  more  or  less  entirely 
according  either  to  their  chemical  composition  or  to  the  mass  of  the 
intrusive  trap,  and  tlms  completing  the  complexity  and  confusion  which 
the  geologist  ha<*  to  unravel.* 

]^ot  only  were  the  rocks  thus  complex  at  their  first  formation,  but 
they  have  since  been  greatly  upheaved  and  disturbed,  thrown  into 
many  and  complicated  folds,  and  broken  by  many  faults  running  in 
various  directions,  heaving  and  dislocating  the  beds  now  one  way,  and 
now  another,  and  with  ever  varying  amounts,  sometimes  throwing  them 
as  much  as  three  or  four  thousand  feet  from  the  level  of  the  correspond- 
ing beds  on  the  other  side  of  the  fault.  In  addition  to  tliis,  the 
country  has  been  worn  and  eroded  into  valleys  and  glens,  vrith  pre- 
cipitous clifl's  and  crags,  separated  by  more  or  less  inaccessible  ravines  ; 
and  as  the  rocks  are  frequently  disguised  by  partial  decomposition,  and 
concealed  over  wide  intervening  spaces  by  soil,  by  vegetation,  or  by 
superficial  accumulations  of  gravel,  clay,  and  sand,  it  will  be  readily 
understood  that  it  is  no  ea«»y  or  imlaborious  task,  though  often  a  healthy 
and  delightful  one,  to  trace  out  all  this  complexity,  and  restore  order 
to  all  this  confusion,  to  delineate  the  outlines  and  positions  of  the  rocks 
as  they  now  are,  and  to  reason  back  to  their  original  state,  and  to  the 
causes  which  produced  them.t 

•  See  the  "  Memoira  "  of  Professor  Sedgwick  in  Proceedings  of  Geological  Society  ;  also 
his  "Letters  to  Wordsworth"  in  the  Guide  to  the  Lakes,  and  "Introduction  to  Palwozoic 
Rocks,"  3d  Fasciculus ;  also  Murchison's  "  Silurian  System,"  and  the  maps  and  sections  of 
North  Wales,  published  by  the  Geological  Sur>'ey. 

t  I  believe  I  am  correct  in  saying,  that  some  districts  of  North  Wales  were  %1«it«d  and 
revisited  not  less  than  ten  times,  during  the  progress  of  the  Geological  8ur\''ey,  by  the  same 
obaerver,  before  their  structure  was  rightly  cx)mprehended.  This  was  more  especially  the 
caae  in  some  of  the  wilder  districts,  which  required  some  hours'  walking  "  over  moor  and 
mountain"  before  they  could  be  reached. 
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The  Trap  District  of  the  Limerick  Basin. — Ireland  presentfl  us 
with  an  example  of  interstratified  aqueous  and  igneous  rocks  in  county 
Limerick,  which  is  perhaps  more  interesting  and  even  uioi-e  instructive 
than  North  Wales  or  other  moimtainous  regions,  because  it  has  been 
less  disturbed,  and  is  much  more  easily  examined.  The  aqueous  rocks, 
too,  are  chiefly  limestone,  so  tliat  there  is  no  difficulty  in  distinguishing 
them  from  those  of  igneous  origin.  The  north-easteni  pai-t  of  Limerick 
and  neighbouring  parts  of  Tipperary  arc  occupied  by  a  broad  mass  of 
hills,  of  which  Slievkimalta  or  the  Keejjer,  2278  feet,  is  tlie  loftiest 
These  are  made  of  Lower  Silurian  rocks  covered  on  thcii*  flanks  by  a 
coating  of  Old  Bed  Sandstone  about  500  or  600  feet  tliick,  which  dips 
down  on  all  sides  beneath  a  plain  formed  of  Carboniferous  Limestone. 
Towards  the  south  and  south-west,  other  hills,  such  as  Slievnomuck  and 
the  Galtees  (of  which  Gkdtymore  is  30 1 5  feet  high),  the  Slievreagh  and 
the  Knockfeerina  ranges,  rise  from  the  plain  at  a  distance  of  about  15 
or  20  miles  from  the  foot  of  the  Keeper  group.  These  other  hills  are 
all  made  externally  of  Old  Red  Sandstone  rising  up  from  beneath  the 
Carboniferous  Limestone,  and  enveloping  thick  and  massive  nuclei  of 
contorted  and  denuded  Lower  Silurian  i-ocks.  The  centre  of  the  rich 
plain  l)etween  these  mountainous  hills  is  divei-silied  by  groups  of 
less  lofty  but  often  steep  and  r<mj;h -looking  hills,  rising  into  cragg}* 
knolls  some  600  or  700  feet  high,  while  much  of  the  country  about 
them  consists  of  alluvial  flats  not  more  than  1 00  feet  above  the  sea. 

These  craggy  liills  are  chiefly  composed  of  trap  rock,  some  of  them 
a  red  syenitic  porphjTj',  others  a  dull  purple,  often  earthy -looking  trap, 
with  or  without  crystals  of  feldspar,  others  of  greeiiii>h  and  blackish 
colours.  Some  of  them  might  peihai)S  be  chilled  feldspar-porphyiy,  or 
conijiact  feldspar,  others  greenstone,  melaphyr  or  basalt  *  Some  of  these 
traps  become  in  some  places  regularly  and  beautifully  columnar,  others 
are  quite  vesicidar  and  scoriaceous,  the  vesicles  being  often  filled  with 
crj'stals,  sometimes  of  white  calo-spar,  sometimes  of  zeolite,  and  some- 
time45  even  of  quartz,  and  thus  foiiuing  im  amygilaloid. 

Some  of  the  vesicular  portions  make  rude  layers  between  bands  of 
comi)act  or  cn'stalline  traj),  a**  if  they  had  formed  the  toj)  and  bottom 
of  different  flows  of  lava,  like  those  <lescribed  by  Sir  C.  Lyell  in  his 
paper  on  Etna  in  the  148th  vol.  of  the  Philosojihical  Transactions^ 
p.  732. 

Associated  with  the  porj)lnTies  and  other  ti'ai>s  are  large  irregular 
dei)osits  of  "  ash,"  consisting  of  beds  of  cotirse  and  fine  grained  materials 
obviously  derived  from  the  traps,  and  such  as  are  found  nowhere  else 
in  the  neighbourhoo<l  exce])t  in  the  traps.  Some  of  these  beds  consist 
of  coai-se  conglonicmtes,  with  roundcHl  blocks  of  trap  and  limestone,  some 

*  Tlie  cht'Tnicol  analysis  of  tliesc  diffen-nt  kindx  of  trai»  would  be  a  verj'  intcrfstinit 
subject  of  iuquio'i  but  uu  ch<:niist  liau  as  yet  imdertakeu  it. 


326  TRAPS  OF  LIMEBICK. 

of  which  are  as  large  as  a  man's  head,  and  many  as  laige  as  the  fist 
Other  bedd  are  composed  of  veiy  regular  parallel  laminm  of  grains  of 
trap,  many  of  which  are  yesicular,  varying  in  size  from  peas  down  to 
pin-heads,  and  others  still  more  minute,  the  coarse  and  fine  layers  often 
alternating  iu  such  r^ular  bands,  of  about  half  an  inch  in  thickness, 
that  they  have  been  likened,  as  they  appeared  in  the  qnany,  to  the 
edges  of  a  pile  of  planks  in  a  timber-yard.  These  "  ashes'*  are  generally 
either  purple  or  green,  and  some  of  the  green  kinds,  especially,  become 
still  more  fine-grained,  so  that  the  particles  are  ultimately  undistinguish- 
able  even  by  the  lens,  and  the  stone  becomes  a  compact  green  rock,  like 
a  rude  porcelain.  Some  of  this  compact  stone  forms  layers  interstrati- 
fied  with  coarser  layers,  but  in  other  cases  it  alternates  with  layers  of 
limestone,  the  two  kinds  of  rock  being  blended  together  so  that  hand 
specimens  may  be  got  containing  layers  of  both.  This  stone  looks  as  if 
it  were  composed  of  the  finest  and  most  impalpable  volcanic  dust  or 
powder  consolidated  into  a  rock. 

Not  only  do  beds  of  this  compact  rock  contain  layers  of  limestone, 
and  beds  of  limestone  contain  layers  of  this  compact  ash,  but  there 
occur  alternations  of  coarser  aah  and  limestone,  as  well  as  rounded 
blocks  of  limestone  in  the  ash,  and  layers  of  chips  and  fragments  of 
the  trap  in  many  beds  of  limestone. 

Some  of  the  great  masses  of  trap,  800  or  1000  feet  thick,  are  found, 
when  followed  along  their  strike,  to  split  up  and  let  in  alternations  of 
beds  of  ash  and  beds  of  limestone  witli  beds  of  trap,  shevnng  that  the 
greater  uninterrupted  masses  of  trap,  even  some  of  highly  crystalline 
porphyrj',  were  in  reality  formed  by  successive  flows  of  molten  rock  at 
the  bottom  of  the  sea,  and  that,  where  each  of  these  flows  terminated 
or  became  thin,  accumulations  of  ash  or  limestone  took  place  on  the 
searbottom,  in  the  intervals  between  the  outpouring  of  one  flow  and 
that  of  the  next,  so  as  to  cause  these  interstratifications.  Pallas  Hill  is 
a  conspicuous  example  of  this  occurrence.  Instances  are  not  wanting 
of  intrusive  dykes  cutting  through  both  aqueous  and  igneous  rocks,  but 
being,  of  course,  more  readily  distinguishable  when  they  traverse  the 
aqueous  than  the  igneous  rocks. 

In  the  centre  of  the  district  around  Ballybrood  is  a  patch  of  Coal- 
measures  (one  of  those  alluded  to  before  at  p.  286),  shewing  that  between 
this  and  the  foot  of  the  Old  Red  Sandstone  hills  we  have  the  whole 
series  of  the  Carboniferous  Limestone. 

These  Coal-measures  are  in  one  place  penetrated  by  intrusive  trap, 
imd  they  rest  on  one  side  on  a  thick  mass  of  bedded  trap,  which  is  the 
trap  of  which  Pallas  Hill  is  formed,  while,  on  the  other  side,  they  lepoee 
on  the  top  of  the  Carboniferous  Limestone. 

This  upper  trap  band  now  forms  the  half  of  an  oval  basin  about  six 
miles  long.    The  trap  dies  away  in  the  limestone  towards  the  north- 


TRAPS  OF  LIBiEBICK.  327 

west,  bat  becomes  so  thick  towards  the  south-east  as  to  have  prevented 
the  deposition  of  the  uppermost  beds  of  the  limestone  there,  and  not  to 
have  been  covered  in  that  part  by  any  aqueous  rock  till  the  Coal- 
measuies  were  deposited.  Beneath  this  upper  band  of  trap  and  ash, 
which  swells  out  to  a  maximum  thickness  of  1 200  feet,  limestone  is 
found  with  a  thickness  of  about  800  or  1000  feet,  below  which  is 
another  great  band  of  trap  and  ash  often  attaining  a  thickness  of  1 100, 
and  sometimes  of  1300  feet  ThiB  forms  now  a  regular  oval  ring  of 
about  twelve  miles  from  east  to  west,  and  six  miles  from  north  to  south, 
dipping  from  all  directions  towards  the  central  district  of  Ballybrood. 

From  beneath  this  rises  the  lower  part  of  the  limestone,  the  beds  of 
which  spread  round  it  for  some  miles  on  all  sides.  Towards  the  west 
and  north-west,  these  lower  limestones  undulate,  so  as  to  bring  in  several 
irregular  outlying  basin-shaped  patches  of  the  bedded  traps  and  ashes 
above  it  with  parts  of  the  upper  limestone  over  them.  In  other  direc- 
tions, however,  they  rise  gently  but  steadily  out,  so  as  to  bring  up  lower 
and  lower  beds  as  we  recede  from  the  tmps.  It  is  very  remarkable, 
that  on  the  south  of  the  trappean  basin  we  get  a  line  of  five  intrusive 
bosses  of  trap,  that  rise  up  through  the  lower  limestone,  and  one  at 
about  the  same  distance  north  of  tlie  tni])  basin.  These  look  like  some 
of  the  volcanic  foci  from  which  the  bedded  trai)s  were  derived,  the  old 
roots,  as  it  were,  of  the  submarine  lava  flows,  exposed  to  view  by  the 
denudation  of  the  limestones  and  traps  that  once  covered  them.  Other 
foci  or  irruptive  masses  are  doubtless  concealed  beneath  the  existing 
beds  of  trap  in  the  central  part^  of  the  basin. 

Full  descriptions  of  this  district  will  be  found  in  the  sheets  of  the 
map  of  the  Geological  Survey  of  Ireland,  Nos.  143  and  144,  153  and 
1 64,  and  their  accompanying  printed  exi^hmations,  and  in  the  sheets  of 
Longitudinal  Sections,  Nos.  6,  7,  and  8.  It  is  one  of  the  most  complete 
examples  I  know  of  the  interstratification  of  igneous  and  aqueous  rocks, 
and  of  the  exposure  of  an  old  submarine  volcanic  district  by  the  eleva- 
tion and  denudation  of  the  beds. 

When  examining  some  of  the  traps  and  ashes  of  the  district,  I  was 
often  reminded  by  them  of  those  I  siiw  in  the  year  1845  in  Torres 
Straits  (see  Voyage  of  H.  M.  S.  Fly,  vol.  i.,  p.  204).  Several  islands 
there,  of  which  Uie  native  names  are  Erroob,  Maer,  Dower,  and  Waier, 
rising  to  heights  of  600  and  700  feet  above  the  coral  reefs  by  which 
they  are  surrounded,  are  composed  partly  of  dark  lavas  and  partly  of 
very  regularly  stratified  volcanic  sandstones  and  conglomerates,  such  as 
we  now  call  "  ash."  These  contained  many  rounded  pebbles  of  lime- 
stone, apparently  derived  from  the  coral  rock*  through  which  the 

•  Althongh  these  munclctl  lumps  of  limestone  in  the  "  ash  "  of  the  extinct  volcanic  isliuida 
of  Torres  Straits  looked  A'ery  like  the  coral  rock,  it  c^uld  not  be  certainly  proA-eil  that 
they  were  so.    The  islands  had  sutforcd  a  good  deal  from  erosion  and  denudation,  no  actual 
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eruptions  had  taken  place,  and  the  lava  pebbles  were  often  bound 
together  by  strings  of  calcareous  cement,  like  those  of  Limerick.  The 
lieds  of  volcanic  conglomerate  in  the  Torres  Straits  islands  are  certainly 
highly  inclined,  with  a  quaqnaversal  dip  from  their  centres,  while  the 
coral  reefs  around  them  are  horizontal,  and  so  far  they  do  not  agree 
with  the  oUl  Limerick  rocks,  in  which  the  beds  of  both  are  conformable 
to  each  other. 

But  it  in  to  be  recollected  that  in  Limerick  we  liave  none  of  the 
subaenal  islands  or  cones  preserved,  even  if  any  such  were  formed,  but 
oidy  the  submarine  beds  that  were  deposited  round  the  volcanic  vents. 
When  the  coral  reefs  come  to  be  elevated  into  diy  land,  and  partly 
denuded,  beds  of  "  ash "  may  very  likely  be  foimd  horizontally  inter- 
stratified  with  beds  of  coral  limestone,  or  other  marine  deposits,  in  the 
parts  which  are  now  deep  beneath  the  sea-level. 

Association  of  Felstone  and  GrtenMone. — Li  some  of  the  Lower 
Silurian  trap  districts  of  North  Wales  and  Lreland,  I  have  occasionally 
l>een  struck  with  the  association  of  felstone  and  greenstone,  it  being 
rare  to  find  anv  considerable  mountain  mass  of  felstone  'without  irre- 
gular  i)atches  of  crystalline  greenstone  disseminated  about  it.  The 
irregular  outline  of  tliese  greenstone  i^atches  gave  them  the  appearance 
of  being  subsequently  intrusive  into  the  felstone,  but  the  frequent  asso- 
ciation of  the  two  has  sometimes  led  me  to  speculate  on  the  possibility 
of  the  two  rocks  having  been  part  of  the  same  molten  mass,  and  having 
settled  or  segregated  apart  from  each  other  on  the  cooling  of  the  whole. 
The  variety  iu  the  traps  of  the  Limerick  district,  and  the  difficulty  in 
tracing  any  distinct  line  of  demarcation  between  those  different  kinds, 
leads  iLs  towards  a  similar  conclusion.  Tliere  seems  no  very  cogent 
reason  why  we  should  necessarily  suppose  the  whole  of  any  molten 
mass  to  have  been  completely  homogeneous  ;  but  granting  that  it  was 
so,  is  it  not  possible  that,  when  a  large  mass  of  trap  commences  to  cool, 
a  separation  may  take  place  among  its  ingredients,  and  one  more 
fusible  i>ortion  of  it  may  be  segregated  from  the  rest,  and  thus  one  or 
more  local  centres  might  be  established,  into  which  the  greater  portion 
of  the  more  fusible  bases  (silicates  of  lime  and  iron)  should  be  concen- 
trated ?  Tliese  local  patches,  on  the  ultimate  complete  refrigeration  of 
the  whole,  would  form  some  variety  of  greenstone,  while  the  rest  of  the 
mass  would  be  more  ])urely  feldspathic.  Tliey  might  even  retain  their 
fluidity  for  a  greater  time  than  the  rest,  and  during  its  cooling  and 

oone  with  internal  crater  remaining,  though  their  outside  elifft  were  not  so  lofty  or  predpi- 
touB  as  those  of  St.  Paul's  Island,  in  the  South  Indian  Ocean,  of  which  the  central  crater 
still  remains,  and  still  exhibite  signs  of  tlie  remains  of  activity  in  the  hot  water  that  trickles 
over  the  stones  of  tho  l>each.  The  Torres  Straits  islands  had  doubtless  been  much  protected 
lh)m  marine  denudation  by  the  surrounding  coral  reefs,  and  had  suffered  chiefly  from  atmo- 
jspheric  waste.  St.  Paul's  has  always  been  exposed  to  the  unbroken  swell  of  the  Indian 
Ocean. 
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conflequent  contraction,  they  might  perhaps  be  squeezed  in  Tarious 
directions  into  its  fissures,  and  then  consolidate  more  rapidly  than  the 
mass  had  done,  and  thus  acquire  a  different  texture,  as  well  as  a  different 
composition. 

Trap  Difke»  and  Veins, — Veins  and  dykes  of  trap  are  so  common 
among  all  kinds  of  rock,  that  it  is  imnecessary  to  dwell  on  them  at 
great  length. 

One  of  the  most  remarkable  examples  of  a  trap  dyke  anywhere  in 
the  world  perhaps,  is  the  one  so  well  known  in  the  north  of  England  as 
the  Cockfield  Fell  dyke,  a  nearly  vertical  wall  of  trap,  18  or  20  yards 
thick,  which  mns  in  a  nearly  straight  line  from  north-west  to  south- 
east, for  a  distance  of  about  70  mil^i,  cutting  through  all  the  rocks  from 
the  Coal-measures  into  the  lower  Oolites,  and  baking  the  Lias  and  every 
other  rock  it  meets  with  for  a  distance  of  some  yards  from  its  sides. 
Its  effect  on  one  of  the  coal  beds  under  Cockfield  Fell,  is  well  described 
by  Mr.  Witham  in  the  Transaction*  of  the  Natural  History  Society  of 
Newcastle^  vol.  iL,  p.  343.  The  coal,  I  believe,  is  originally  about  6  or 
8  feet  thick,  one  of  the  principal  bituminous  coals  of  the  district  In 
approaching  the  dyke,  it  begins  to  be  affected  at  a  distance  of  50  yards 
from  it ;  it  first  loses  the  calcareous  spar  which  lines  the  joints  and 
faces  of  the  coal,  and  begins  to  look  dull,  grows  tender  and  sliort,  and 
also  loses  its  quality  for  burning.  As  it  conies  nearer  it  assumes  the 
appearance  of  half-burnt  cinder,  and  approaching  still  nearer  the  dyke, 
it  grows  less  and  less  in  thickness,  becoming  a  pretty  hard  cinder  only 
2  feet  6  inches  in  thickness.  Eight  yards  further  it  is  converted  into 
real  cinder,  and  more  immediately  in  contact  with  the  dyke,  it  becomes 
by  degrees  a  black  substance,  called  by  the  miners  "  dawk,"  or  "  swad," 
resembling  soot  caked  together,  the  seam  being  reduced  to  9  inches  in 
thickness.  There  is  also  a  large  portion  of  pyiites  lodged  in  the  roof  of 
that  part  of  the  seam  which  has  been  reduced  to  cinder. 

The  South  Staffordshire  coalfield  is  full  of  such  dykes  and  veins, 
especially  about  the  foot  of  the  Rowley  Hills,  which  are  capped  by 
cohimnar  basalt.  Fig.  98  is  an  example  of  one  of  these  in  the  Grace 
Mary  Colliery,  belonging  to  Dr.  Percy,  which  was  carefully  drawn  to 
scale  with  a  measuring  tape.  It  represents  about  100  yards  of  the  side  of 
one  of  the  gate  roads  cut  in  working  the  Tenyard  coal  ;  that  coal  being 
at  one  part  partially  replaced  by  a  white  sandstone  with  Carbonaceous 
veins,  which  is  called  by  the  colliers  "  rock  and  rig."  Both  coal  and 
sandstone  were  traversed  by  the  trap,  which  was  also  white.  It  is  the 
trap  which,  as  previously  mentioned  at  p.  79,  was  found  on  analysis 
by  Mr.  Henry  to  contain  9.32  per  cent  of  carbonic  acid,  and  11.01  per 
cent  of  water,  being  probably  an  altered  form  of  the  greenstone  below  ; 
some  of  the  silicates  of  the  original  trap  having  become  partially  con- 
verted into  carbonates,  and  hydrated. 
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The  cool  is  also  altered  by  the  presence  of  the  trap,  since  in  its 
vicinity  it  has  lost  its  bright  lustre  and  its  r^ular  ^  face,"  has  jMoted 
with  much  of  its  bituminous  or  inflammable  character^  and  more  nearly 
resembles  anthracite  than  bituminous  coal,  though  different  from  both, 
being  often  full  of  concretions  of  iron  pyrites,  or  of  carbonate  of  lime, 
or  other  minerals.  In  the  language  of  the  colliers,  the  coal  is  said  to 
be  "  blacked,"  and  to  be  "  brazil,"  or  "  brassil,"  and  consequently  not 
worth  the  trouble  of  **  getting.'* 


a,  "  White  rock,"  trap. 


Fig.  oa 

b,  Altered  ooaL 


e,  Sandstone. 


See  "  Geology  of  South  Staffordshire  Coalfield,"  in  which  other  ex- 
amples are  given,  shewing  in  some  places  that  the  alteration  of  the 
coal  h{u<  proceeded  but  a  very  slight  distance  from  the  trap,  sometimes 
not  more  than  a  few  inches. 

The  limestone  of  the  county  Limerick  is,  in  like  manner,  but  very 
little  altered  even  in  those  places  where  beds  of  trap  have  flowed  over 
it,  or  intrusive  masses  come  in  direct  contact  with  it 

Plateaujc  of  Basalt. — Basalt  is  rarely,  if  ever  foxmd  as  an  under- 
lying rock,  and  not  often  as  an  intrusive  sheet  It  occurs  commonly 
either  as  a  dyke  or  as  an  overlying  mass.  One  of  the  most  celebrated 
plateaux  of  basalt  is  that  on  the  north-east  of  Ireland,  covering  almost 
the  whole  county  of  Antrim  with  a  mass  which  is  in  some  places  900 
feet  thick,  and  50  miles  long  by  30  wide,  or  about  1200  square  miles 
in  area.  The  basalt  occurs  in  many  partial  and  interrupted  sheets,  or 
flows,  some  of  which  are  quite  amorphous,  either  compact  or  amygda- 
loidal,  while  others  are  beautifully  columnar ;  one  of  the  columnar 
beds  dipping  gradually  into  the  sea  on  the  north  coast  is  known  as  the 
Qianf  s  Causeway.  Chi  the  north-east  coast  of  Antrim,  the  basalts  are 
interstratified  with  several  widely-spread  beds  of  basaltic  ash,  some  of 
which  are  locally  known  as  "  red  ochre  "  beds ;  others  form  a  kind  of 
clay  or  wack^.  Beds  of  lignite  also  occur  in  thin  beds  of  clay,  derived 
probably  from  other  sources. 

The  basalt  itself  is  often  traversed  by  dykes,  each  of  which  is 
probably  the  feeder  from  which  some  overlying  bed  of  basalt  was 
poured  out  These  dykes  are  still  more  numerous,  or  are  more  readily 
observable  in  the  chalk  and  other  beds  below  the  basalt,  which  crop 
out  round  the  basaltic  area.  They  vary  in  width  from  2  or  3-  feet, 
to  8  or  10  yards,  and  are  traceable  sometimes  for  several  miles  in 
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■tni^t  lineB,  several  adjacent  ones  being  parallel  to  each  other.  The 
djkesy  howeyer,  and  some  of  the  laiger  masses  are  often  more  coanely 
cryiBtalline,  and  wonld  be  called  greenstone  rather  than  basalt  The 
metamorphic  action  of  these  dykes  is  well  known.  The  chalk  in  contact 
with  them  is  changed  into  a  coarsely  crystalline  marble  in  some  places, 
in  othen  into  a  grey  splintery  limestone  like  much  of  the  Carboniferoiis 
limestone.  Some  of  ^e  flints  are  reddened,  and  the  soft  greensand  is 
tamed  into  a  hard  red  gritstone.  {See  Catalogue  of  Bod  Specimen,  in 
Mnaeom  of  Irish  Industry,  Dublin.) 

The  basalt  of  the  west  of  Scotland  is  likewise  beautifully  columnar, 
as  at  Fingall's  Gave  and  other  places,  while  that  of  Arthur's  Seat  is 
massive,  and  often  crystalline,  shewing  distinct  crystals  of  olivine,  and 
being  highly  magnetic  from  the  abxmdance  of  magnetic  oxide  of 
iron. 

The  ash  associated  with  the  basalt  of  the  Calton  Hill  is  very 
admirably  exhibited  on  all  sides  of  it 

The  greenstone  of  Salisbury  Crags  has  greatly  altered  and  indurated 
the  gritstone  below  it  (one  of  the  carboniferous  sandstones)  which  is 
converted  into  a  kind  of  quartz  rock.* 

It  is  probable  that  all  these  basalts  and  greenstones  were  of  sub- 
marine formation,  but  the  lower  part  of  many  lava  streams  proceeding 
from  subsarial  volcanoes,  or  at  all  events  from  volcanoes  which  ore  now 
subaerial,  are  as  r^ularly  columnar  basalt  as  the  Qiant*s  Causeway 
itself. 

*  ProfeMOT  Edward  Forbes  had  conceived  the  idea,  which  has  lately  been  completely 
eonflrmed  by  Mr.  OciMe  of  the  Oeological  Survey,  that  the  igneous  rocks  around  Edinborfirh 
belonged  to  two  very  different  periods,  the  one  part  probably  Carboniferous,  and  the  other 
much  more  recent,  probably  Tertiary,  pertiaps  contemporaneous  with  the  Miocene  (T)  basalts 
of  the  north  of  Ireland  and  the  west  of  Scotland.  Mr.  C.  Maclaren  had,  however,  antici- 
pated Forbes  in  these  conclusions.  See  Mevu.  Geol.  Suit.  Geology  of  country  around  Edin- 
burgh, by  Messrs.  Howell  and  Ocikie. 
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VOLCANIC   ROCKK 


Form  and  Mode  of  oBOvrrenee  of  Vatcanie  Reeit. — All  volcaak 
mnaoeii  fbrmed  ia  bIiaIIow  water  or  on  dry  tutd,  all  thoae  in  foct  which  we 
ale  able  to  ezamiae,  aggnme  a  more  or  less  perfect  conical  form.  Bods 
of  cindera  ami  aahea  varying  from  large  blocks  down  to  the  finest  and 
moat  impalpable  powder,  are  deposited  round  a  centnl  onfice  on  slopes 
which  ore  eteepeet  ueaieet  the  orifice,  and  approach  nearer  to  the 
homontnl  as  thej  recede  from  it  Stroama  of  lava  having  ismed  from 
the  centrul  orifice,  or  broken  out  at  some  lower  point  in  the  sides  of 
the  pile,  and  sometimes  broken  one  side  of  it  down,  spread  wider  and 
wider  round  its  foot,  or  over  the  flat  land  about  it 

When  the  original  conical  pile  acquires  a  great  axe,  lateiKl  orifices 
or  craters  are  formed  about  its  flanks,  and  prodnee  little  seeaudaiy 
conea  which  often,  as  in  Mtoa,  stud  the  sides  of  the  midn  mountus  in 
all  directions  with  minor  hills. 

Sometimea  a  raw  of  cones  is  formed  along  a  certain  line  of  country, 
without  anj  central  dominant  cone,  and  sometimes  two  or  more  nei^- 
bouiing  cones  grow  to  nearly  equal  moss,  and  are  then  btuied  nnder 
the  accumulations  of  one  of  them,  which  either  temporarily  oi  perma- 
nently Baaumes  Qte  superiority. 


Ideal  McUan  throng  Volcwocg. 


Fig  199  may  be  taken  as  a  rough  diagrammatic  idea  of  the  mode  of 
fbntuttiou  of  volcanic  cones  and  crsten,  tlie  ports  marked  by  vertical 
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lines  representing  the  lava  flows,  and  the  other  lines  the  accumulation 
of  beds  of  ash,  including  under  that  term  all  ejected  matters  except  the 
lava  flows.  In  reality,  the  structure  will  almost  always  be  much  more 
complicated,  the  minor  cones  and  lateral  vents  being  greatly  more 
numerous,  and  the  whole  traversed  in  all  directions  by  ramifying  dykes 
and  veins  of  lava,  with  lateral  funnels  or  feeders  for  some  of  the  lateral 
cones  branching  from  the  main  vertical  pipes. 

The  volcanic  ejections  are  sometimes  confined  to  one  portion  of  a 
country,  like  iEtna  in  Sicily,  where  the  volcanic  rocks  make  a  single 
gently  swelling  mountain,  30  miles  wide  at  its  base,  and  10,960  feet 
high  at  its  summit.  In  other  cases,  such  as  Java  for  instance,  an  island 
000  miles  long,  numerous  volcanoes  become  confluent  in  some  parts  so 
as  to  form  continuous  mountain  ranges  of  6000  or  8000  feet  in  height, 
and  30  miles  in  length,  with  craters  in  their  higher  and  central  parts, 
like  the  Bromo,  and  great  symmetrical  cones  of  1 1 ,000  or  1 2,000  feet, 
as  Semiru  and  Arjuno,  rising  at  intervals  from  the  main  mass  of  the 
nmge.  Smaller  detached  cones,  such  as  Lamongan,  rise  from  the  adjacent 
plains  with  an  elegant  sweep,  to  heights  of  3000  or  4000  feet.  Java 
omtains  no  fewer  than  thirty-eight  volcanic  cones  of  the  first  magnitude, 
the  range  being  continued  into  Siuuatra  on  the  one  side,  with  Bcveral 
cones  of  11,000  or  12,000  feet,  and  through  Bali,  LoiiiLock,  and  Sum- 
bawa  on  the  other  htuid,  each  with  great  volcanoes,  tliat  of  Lombock 
being  more  than  11,000  feet*  high.  The  volainic  chain,  with  many 
cones  of  equal  or  greater  magnitude,  runs  from  these  islands  northward, 
through  those  that  fringe  the  eastern  coast  of  Asia,  and  crossing  into 
America,  is  continued  down  the  whole  of  its  western  coast  from 
Behiing's  Straits  to  Terra  del  Fuego. 

The  Asiatic  volcanic  islands,  like  those  of  the  Atlantic,  shew 
evident  proofs  of  their  having  been  elevated  bodily  since  the  volcanic 
action  commenced,  so  as  to  exhibit  a  part  of  their  old  submarine  roots, 
where  the  igneous  are  interstratified  with  sheets  of  aqueous  i-ocks.  The 
Andes  of  South,  and  the  Cascade  or  coast  ranges  of  North  America,  have 
been  still  further  lifted  up,  so  that  their  bases  ncjw  form  continuous  dry 
land  from  Russian  America  on  the  north,  do^ii  to  the  Archipelago  of 
Tierra  del  Fuego  on  the  south,  in  which  latter  part  the  bases  of  the 
moimtaius  are  still  partially  submerged. 

When  the  volcanic  activity  finally  ceases  in  any  district,  sub- 
mei^nce  may  ensue,  and  if  it  be  very  slow  and  gradual,  denudation 
will  take  place  both  during  the  submergence  and  during  subsequent 
re-elevation,  so  that  all  the  old  conical  piles  of  more  or  less  loose  and 
incoherent  materials  will  be  destroyed,  and  their  materials  groimd^down 
and  swept  far  away  to  distant  localities.     Hence  it  is  impossible  that 

•  This  altitude  was  determined  by  Mr.  F.  J.  E\-an»,  formerly  of  H,M.8.  Fly,  aa  aho 
sailed  under  Captain  Blackwood,  through  tho  Straits  between  Lombock  and  Sumbawa. 
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we  should  ever  find  volcanic  cones  preserved  among  the  older  rocks, 
where  we  have  merely  so  much  of  the  hard  volcanic  roots,  or  trappean 
rocks,  as  may  not  have  been  destroyed  by  denudation. 

Lavas  differ  from  traps  partly  in  mineral  character,  such  as  the  oc- 
currence of  augite  instead  of  hornblende,  and  of  labradorite  or  anorthite 
instead  of  orthoclase,  etc.,  but  principally  in  the  texture  and  form  of  the 
rocks,  rather  than  their  composition. 

True  lavas  have  always  been  poured  out  either  on  the  dry  land,  or 
in  shallow  water,  forming  regular  flows  or  "  coulees"  of  molten  rock. 
Cooled  imder  these  circumstances,  the  upper  surface  of  a  lava  stream  is 
generally  quite  porous  and  vesicular  &om  the  escape  of  the  gases  pent 
up  within.  The  upper  portion  of  such  a  bed  consists  of  loose  blocks  of 
cinders  of  all  sizes,  from  rough  masses  of  two  or  three  feet  in  diameter, 
to  those  of  as  many  inches.  It  has  been  likened  to  a  mass  of  clinkers, 
slags,  and  cinders,  from  a  huge  foundry.  The  far  end  of  a  still  flowing 
lava  stream  has  been  described  as  a  slowly-moving  mass  of  loose  porous 
blocks,  gradually  rolling  and  tumbling  over  each  other  with  a  loud 
rattling  noise,  giving  evidence  of  the  pressure  of  a  viscid  mass  of  cooling 
lava  within.  The  upper  end  of  a  lava  stream,  where  it  issues  perfectly 
fluid  from  the  intense  heat  of  the  volcanic  orifice,  moves  much  more 
rapidly. 

All  rock  is  a  bad  conductor  of  heat,  so  that,  when  once  a  lava  stream 
acquires  a  cooled  crust,  the  mass  within  may  remain  glowing  hot  for  a 
considerable  period  of  time.  We  are  told  of  persons  walking  about  on 
the  cooled  surface  of  a  lava  stream,  while  able  to  roast  eggs  or  light 
cigars  in  the  cracks  and  crevices  of  the  crust.  Caverns  are  sometimes 
formed  in  lava  streams  by  the  sudden  escape  of  the  molten  mass  below, 
leaving  the  cooled  crust  standing  like  the  roof  of  a  tunneL 

In  such  a  mass,  it  is  obvious  that,  while  the  upper  surfcu^e  was  light, 
porous,  and  cindery,  the  lower  portion,  cooling  much  more  slowly,  and 
under  pressure,  might  be  solid,  compact,  or  crystalline.  As  a  nmtter  of 
fact,  wherever  old  lava  streams  have  been  cut  into,  either  naturally  or 
artificially,  and  their  lower  portions  laid  open  to  our  inspection,  we  find 
the  vesicular  character  of  the  upper  surface  gradually  but  rapidly  dis- 
appearing below,  and  the  rock  passing  quickly  into  a  hard,  compact 
stone,  often  columnar,  and  frequently  quite  crystalline. 

The  hombleudic  or  augitic  lavas  more  readily  assume  the  columnar 
form  than  the  feldspathic  lavas  or  trachytes,  which,  however,  on  the 
other  hand,  are  often  much  more  highly  crystalline  than  the  augitic 
dolerites  or  basalts. 

The  lower  parts  of  many  lava  streams  are  not  to  be  distinguished 
by  any  internal  characters  (and  probably  not  by  any  differences  in 
chemical  composition)  from  columnar  basalt 

Many  old  basalts,  indeed,  which  are  ordinarily  considered  as  trap- 
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pean  rocks,  may  have  had  a  porous  cindery  upper  surface  at  the  time 
of  their  formation,  that  surfiEu^e  having  been  subsequently  washed  away 
by  denudation. 

Craters  of  EUvatum, — Humboldt  in  his  travels  in  New  Spain 
giveB  a  description  of  the  volcanic  moxmtain  of  Jorullo,  and  attributes 
its  formation  to  the  fact  of  the  ground  "  having  swollen  up  like  a 
bladder."  He  derived  his  information  apparently  from  the  native 
inhabitants,  who,  even  supposing  their  words  to  have  been  rightly 
understood,  might  readily  have  used  such  expressions  without  any  strict 
warrant  from  the  facts  of  the  case.* 

Von  Buch  seems  to  have  taken  from  this  description  a  notion  that 
most  volcanic  cones  and  craters  were  thus  formed,  and  to  have  allowed 
his  mind  to  be  so  warped  by  this  preconception,  that  in  his  subsequent 
observations  he  only  perceived  facts  through  its  distorting  medium.  He 
also,  together  with  Elie  de  Beaumont  and  Dufrenoy,  adopted  the  curious 
notion  that  lava  could  not  congeal  and  solidify  on  slopes  greater  than 
4t*  or  5^.  These  novel  ideas  coming  recommended  by  such  high 
authorities  were  blindly  accepted  by  many  geologists  even  of  the 
greatest  reputation,  and  are  by  some  British,  and  many  foreign, 
geologists,  even  yet  entertained.  They  have,  however,  been  completely 
exploded  by  the  recent  publications  of  Sir  0.  Lyell,  Mr.  Poulett  Scupe, 
and  others,  and  if  still  retained  by  any  persons,  must  be  kept  from 
habit  and  reverence  for  authority,  and  not  from  personal  knowledge  of 
facts.  {See  Sir  C.  Lydle  Manual  and  PriimpUSy  and  his  Paper  on  the 
Structure  of  Lavae  and  jEtiuXy  in  Phil.  Trans.,  voL  cxlviii.,  par.  2,  and 
Mr.  Scup^s  Papers,  in  Journal  Oeol.  Soc.,  vol.  xii.,  p.  326,  and  vol.  xv., 
p.  505. 

Peak  of  Teneriffe, — When  I  paid  a  hasty  visit  to  the  summit  of 
the  Peak  of  Teneriflfe  with  Captain  Blackwood,  and  some  of  the  officers 
of  H3f.S.  Fly,  in  May  1842, 1  had  no  previous  knowledge  of  volcanic 
districts,  and  had  not  paid  any  attention  to  the  theory  of  elevation- 
craters.  When,  after  ascending  the  mountain  to  the  height  of  about 
9000  feet,  we  rode  across  the  plateau  called  the  "pumice  plains,** 
towards  the  summit  cone  which  rises  from  one  comer  of  them,  I  could 
not  fail  of  being  struck  by  the  circle  of  broken  precipices  surrounding 
the  plateau.  The  ravines  which  cut  through  that  surrounding  wall 
shew  the  outer  slope  of  the  rude  beds  composing  it,  and  the  note  I  find 
in   my  journal  respecting  them,  is  the  following  : — "  This  plain  is 

*  Every  one  who  has  been  accnstomed  to  glean  information  aa  to  physical  phenomena  from 
persons  not  trained  to  observe  them,  or  not  having  naturally  great  powers  of  exact  obser- 
vation, must  be  aware  how  vague  and  deceptive  are  the  terms  they  frequently  use.  I  have 
had  geological  facts  described  to  me,  even  by  educated  men  belonging  to  learned  profession^ 
in  terms  which  subsequent  observation  shewed  me  to  be  ridiculously  Inapplicable,  and 
sometimes  conveying  ideas  the  exact  opposite  of  the  truth. 
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hoimdcil  ill  wane  i)laceii  bv  an  entire  wall  of  rock,  in  otliere,  by  broken 
ond  craggy  hills,  an  if  it  Uaii  once  bt'cn  the  interior  of  some  enomioua 
cone,  of  whitli  Ihejie  were  uiily  the  niiued  frafouente." 

On  suWiiueiitly  nuuling  Von  Biich's  account  of  the  Canary  Inlands, 
I  W08  greatly  Biir]iriBed  to  ftml  that  he  suiijiOBed  this  circular  wall,  with 
itn  oiitn-ani  sloping;  beds,  to  liavc  aci[»ire<l  ite  height  and  iiositinn  from  a 
central  action  of  elevation  Enibaetjuent  to  tliu  depoeition  of  the  beds.  So 
far  as  I  hod  ob»en-ed  there  was  no  n-arrant  for  such  a  sujipoaition.  U 
wan  clear,  imleed,  that  the  whole  iiJand  liad  been  elevated  since  the 
volcanic  action  hud  c^anmenceil,  because  I  bod  seen  in  the  Bides  of  a 
ravine  near  Santa  Cruz,  horizontal)3'  and  rejjularly  stratified  beds  of 
volcanic  Hand,  and  pebbles  that  seemed  certainly  to  have  been  amnged 
under  water  (see  plate  xiL  in  Pojiular  Phi/akal  Otoley/i),  but  then 
these  beds  remainul  hoiizontal,  proving  the  elevation  to  liave  been 
a  general  one,  lifting  the  whole  sea  bottom  without  tilting  the  beds 
in  any  ilirection. 

IilanJ  of  St.  Paul. — We  subsequently  visited  the  little  volcanic 
island  of  St.  Paul's,  in  the  centre  of  the  SuiitU  Indian  Ocean,  of  which  a 
chart  constructed  by  Mr.  Evans,  Master  of  the  Fly,  was  aflerwanls  pub- 
lished by  the  Admiralty.  This  island  is  three  or  four  uiiles  across, 
with  a  flat  tojiped  ciured  ridge,  820  feet  high,  nearly  surrounding  a 
circular  crater  into  which  Ihu  sea  now  flows  from  one  side,  and  which, 
at  the  sea  level,  is  almost  half  a  uile  in  diaineter.  From  the  summit 
of  the  circular  ridge  the  island  slopes  gently  ilown  towards  the  sea  on 
all  sides  except  tlie  east,  where  there  are  verttoU  cliffs  formed  by  the 
sea  having  cut  into  the  centre  uf  the  original  island,  so  as  to  gain  acceia 
to  the  centre.  On  the  south  side  of  the  entrance,  the  wall  bounding  the 
crater  was  excessively  thin,  vertical  on  the  outside,  and  sloping  steeply 
on  the  inside,  so  that  it  innst  shortly  be  removed  entirely,  and  all  that 
fdde  of  the  crater  laid  open  to  the  sea.  Tlie  entrance  was  not  more 
than  100  yards  wide,  and  only  just  deep  enough  for  a  boat,  but  inside  there 
was  a  depth  of  30  fathoms  in  the  centime  of  the  crater,  with  a  bottom  of 
bl&ck  mud.  This  funnel-shaped  pool  was  surrounded  on  all  aides  but 
one  by  the  ring  of  high  land  before  mentioned,  the  inside  slope  of 
which  was  precipitous  near  the  top,  but  had  a  steep  talus  of  rubbish 
clothed  with  coarse  grass  below.  At  several  parts  of  the  beach,  hot 
smoking  water  trickled  thiou^  the  atones,  having  at  one  plaG«  a 
tonqwatttre  of  I3So  F.,  and  at  another,  one  of  150°  F.,  while  the 
tt'miK'iiilurL'  tif  the  walcr  in  tiie  crater,  both  at  the  surface  and  at  the 
bottom,  wna  precisely  th»t  of  the  sea  outside,  namely  64"  F.     (This 

I  on  AuguHt  &th,  18^1.)     A  bank  of  sonudings   atretche<l  off  the 

t  tide  of  the  island  for  a  distance  of  nearly  a  mile,  and  a  toll 

~ '  j^innftcle  of  roclc  tom  from  this  near  the  entrance  to  the  crater. 

a  evidently  Hw  baia  from  which  the  rocks  that  once  aur- 
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Toimded  the  crater,  and  completed  the  island  on  thiB  side,  had  been 
removed,  all  except  the  pinnacle  above  mentioned. 

The  island  seemed  wholly  composed  of  dark  lava  in  irregular  beds, 
with  beds  of  sand,  ashes,  and  blocks,  varying  from  black  to  red  and 
cream-coloored.  They  dipped  but  slightly  outwards,  and  at  one  part 
seemed  to  dip  inwards  or  towards  the  crater. 

Another  volcanic  island,  called  Amsterdam,  rises  some  60  miles  to 
the  north  of  St.  Paul's,  these  being  the  only  spots  of  land  in  these  lati- 
tudes between  Africa  and  Australia. 

Crater  of  the  Bromo, — In  November  1844  I  had  on  opportunity  of 
visiting  the  crater  of  the  Bromo  in  Java.  This  is  in  the  centre  of  a 
ragged  and  broken  mountain  range  called  the  Teng'ir,  rising  in  some 
parts  to  upwards  of  8000  feet  above  the  sea,  and  stretching,  as  before 
mentioned,  in  a  curved  line  between  the  noble  cones  of  the  Seniiru  and 
Arjuno,  so  as  to  include  the  beautiful  valley  of  Malang  in  a  semi- 
circular sweep.  This  mountain  mass  is  all  volcanic,  greatly  covered 
externally  by  fine-grained  dust  and  ashes,  enclosing,  however,  solid 
crystalline  lava  rocks  below.  Its  sides  are  furrowed  in  every  direction 
by  ravines  with  narrow  ridges  between  them,  the  whole  clothed  with 
magnificent  forests ;  tall  pine-like  casuarinas  cresting  the  ridges  up  to 
a  height  of  6000  or  7000  feet. 

In  about  the  central  part  of  this  range,  on  the  summit  of  its  most 
massive  part,  is  a  crater  four  or  five  miles  wide  surromuled  by  a  ring 
of  precipices  varying  from  200  to  1200  feet  high.  In  the  centre  of 
this  great  crater  rises  a  nide  cone  studded  all  over  "with  minor  cones, 
some  of  the  craters  of  which  are  continually  belching  out  smoke  and 
steam,  and  sometimes  ashes  and  hot  stones.  Others  are  covered  with 
wood,  and  the  sides  of  this  conical  mass  are  furrowed  with  ravines  like 
the  external  slopes  of  the  mountain,  except  in  those  parts  where  the 
ejected  ashes  have  been  quite  recently  deposited.  The  sjmce  between 
the  foot  of  this  smaller  central  conical  moss  and  the  surrounding 
precipitous  wall  is  often  more  than  a  mile  in  width  and  is  covered  with 
fine  sand  and  known  by  the  name  of  the  "  Laut  i)asir"  or  sandy  sea. 
The  surrounding  wall  seemed  quite  unbroken,  for  we  had  to  ride  round 
the  summit  of  half  of  one  side  of  it  by  a  narrow  and  giddy  path,  in 
order  to  take  advantage  of  a  sort  of  buttress-like  ridge,  apparently 
made  of  fallen  fragments,  to  gain  access  to  the  interior,  and  on  the 
other  side  the  path  at  two  places  led  by  sharp  zigzags  up  the  side  of  the 
precipice.  These  paths  seemed  to  be  the  only  modes  of  communication 
betweeil  the  villages  on  the  outside  of  the  mountains,  some  of  which 
are  places  of  great  resort. 

Horizontal-looking  beds  of  hard  tracliytic,  sometimes  porj)liyritic, 
lava  were  visible  in  the  face  of  the  surrounding  precipice,  which,  how-* 
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ever,  though  they  looked  horizontal  when  viewed  from  the  interior^ 
might  have  easily  dipped  outside  down  the  mountain. 

It  seemed  to  me  perfectly  impossible  that  such  a  crater  as  the  one 
I  have  here  described  could  be  fonned  by  an  action  of  central  elevation. 
On  the  other  hand,  looking  at  the  grand  cone  of  Semiru,  which  rose  a 
few  miles  to  the  south-west,  it  was  obvious  tliat  it  only  required  the 
upper  3000  feet  of  tliat  lofty  pile  to  be  removed,  either  blown  into  the 
air,  or  undermined  and  engulphed  in  the  central  cavity  of  the  moun- 
tain, for  an  exact  repetition  of  the  Bromo  to  be  produced. 

I  fully  believe,  therefore,  from  all  I  have  read  or  liave  myself 
observed,  that  the  crater-elevation  h\T)othe8is  is  entirely  unsupported 
by  fact,  and  even  more  than  that,  for  I  have  lately  seen  reason  to  doubt 
the  physical  possibility  of  its  occurrence,  as  will  appear  in  the  ensuing 
chapter. 

Dykes  and  Veins  of  Lava. — Just  as  among  the  trap  rocks  we 
found  dykes  and  veins  frequent,  seeming  sometimes  to  be  the  mere 
extensions  of  the  mass  below  into  the  cracks  and  crevices  of  the  rocks 
above  or  aromid  it,  sometimes  apparently  the  feeders  of  overlying 
masses,  so  we  find  volcanic  cones  and  the  surrounding  districts  pene- 
trated in  every  direction  by  dykes  and  veins  of  compact  lava,  serving 
often  to  bind  together  or  to  support  the  otherwise  rather  incoherent 
materials ;  and  we  must  be  aware,  although  we  cannot  see  it,  that 
every  lava  stream  has  its  central  pipe  or  feeder  in  the  interior  of  the 
mass  from  which  it  proceeds.  It  is  ])robable  that,  both  in  the  case  of 
traps  and  lavas,  the  size  of  the  feeders  often  bears  but  a  small  propor- 
tion to  the  mass  of  the  overlying  rocks  that  proceeded  from  them. 

It  is  not  absolutely  necessary,  in  the  case  of  a  volcanic  cone,  that 
the  flow  of  lava  and  the  central  pipe  or  feeder  should  remain  in  con- 
nection, and  cool  and  consolidate  together ;  for  when  the  lava  ceased 
to  be  impelled  so  as  to  flow  over  the  crater,  the  portion  left  in  the 
funnel  might  sink  down  and  ^xirhaps  ultimately  cool  and  consolidate  at 
a  considerable  distance  below,  and  might  ]x>ssibly  make  even  a  dificrent 
kind  of  rock  from  the  ejected  mass. 

This  may  sometimes  occur  also  among  trap  rocks,  since  it  is  quite 
easy  to  conceive  that  an  overljing  mass  or  an  injected  bed  might  be 
deserted  by  its  feeder  on  the  internal  impelling  power  being  withdrawn, 
and  the  orifice  by  which  it  rose  might  be  closed,  so  that  two  masses  of 
rock  may  be  formed  at  diflerent  places,  and  possibly  of  rather  different 
character,  though  once  perhaps  actually  forming  part  of  the  same 
molten  mass. 

Lyell  describes  the  mmierous  dykes  which  traverse  the  sides  of  the 
great  valley  scooped  out  of  one  side  of  Etna,  called  the  Val  del  Bove, 
and  numerous  instances  are  figured  by  Walterhausen  in  his  magnificent 
work  on  Etna,  of  dykes  of  lava  traversing  beds  of  turf  and  ash,  both 
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verticallf  and  horizontally,  the  latter  btnng  often  shewn  to  hare  been 
intruded  dykes  by  their  bifurcation. 

Ereiy  volcanic  district  which  has  been  laid  open  by  denudation 
exhibits  raniilar  facts.  The  clifls,  for  instance,  along  the  south  coast  of 
Madeira,  west  of  FuncluJ,  expose  numeiotu  dykee  trarersing  the  beds 
of  tutF  exposed  therein.     The  following  figores,  100  and  -101,  were 


sketched  from  the  deck  of  H.  M.  S.  Fly,  as  we  sailed  close  in  along  this 
coast  in  April  1842,  Fig.  100  exhibits  in  one  cliff  portions  of  beds  of 
lava,  some  of  them  columnar,  interstratijied  with  tabuW  laminate  beds, 


against  the  denuded  edges  of  which  pale  creai 
depowted  in  an  inclined  position,  as  shewn  i 
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the  sketch,  with  two  gray  dykes  cutting  across  these  beds.  Fig.  101 
shews  several  veins  or  dykes  of  a  hard  gray  lava  rock  cutting  through 
rudely  stratified,  coarse,  incoherent-looking  materials  of  a  dull  red  colour, 
some  of  the  dykes  being  also  cut  by  similar  ones  of  more  recent  date. 

Association  of  Trachytes  and  Dol^ites, — In  many  volcanic  regions 
there  appears  to  be  an  alternation,  or  to  have  been  a  succession,  in 
the  different  products  ;  the  lavas  being  at  one  time  trachyte,  and  at 
another  dolerite.  It  seems  at  one  time  to  have  been  supposed  that  the 
trachyte  was  always  the  lower  or  the  older  of  the  two,  and  that  flows 
of  trachyte  were  never  found  above  flows  of  basalt  or  dolerite.  Lyell, 
however,  has  shewn  that  some  of  the  newest  lavas  in  Madeira  are  tra- 
chytic,  while  they  cover  others  consisting  of  doleritic  compounds. 

Bimsen,  in  a  paper  formerly  cited  (Sc.  Memoirs),  in  speaking  of  the 
trachytic  and  augitic  lavas  of  Iceland,  refers  their  origin  to  two  separate 
volcanic  foci,  and  even  speaks  of  a  third  separate  volcanic  focus  for  the 
intermediate  lavas,  though  he  also  speaks  favourably  in  another  place  of 
all  the  volcanic  rocks  arising  from  one  mass. 

Durocher,  too,  in  his  essay  on  Comparative  Petrology,  refers  the 
two  classes  of  igneous  rocks  of  all  kinds,  namely,  the  siliceous  and  the 
basic,  to  the  existence  of  two  separate  "  magmas "  below  the  crust  of 
the  earth,  the  siliceous  or  lighter  floating  over  the  basic  or  heavier,  and 
ejection  taking  place  from  one  or  the  other  according  to  the  strength  of 
the  impelling  force  ;  the  ejection  of  the  lighter  therefore  generally  pre- 
ceding that  of  the  heavier. 

The  identity  or  very  great  similarity  of  the  various  volcanic  pro- 
ducts in  all  parts  of  the  world,  seems  to  point  to  a  common  origin  for 
them.  The  frequent  association  in  all  parts  of  the  earth  of  the  two 
great  classes  of  these  products,  the  trachytic  or  purely  feldspathic  (or 
highly  siliceous,  with  little  alkali,  lime,  or  iron),  and  those  in  which 
the  feldspathic  are  largely  mingled  with  homblendic  or  augitic  minerals 
(containing  much  alkali,  lime,  or  iron),  seems  to  me  to  shew  that  their 
separation  is  not  so  much  due  to  diversity  of  origin,  as  to  some  cause 
tending  to  segregate  the  one  from  the  other,  out  of  a  generally  diffused 
mass,  in  which  the  constituents  of  both  may  be  equally  mingled. 

The  association  previously  mentioned  of  felstone  and  greenstone 
among  the  traps  seems  to  be  reproduced  in  that  of  trachyte  and  dolerite 
among  the  lavas.  In  both  instances  the  occurrence  of  pure  or  immixed 
feldspatliic  rocks  is  less  frequent  than  that  of  those  in  which  the  feld- 
spar is  mingled  with  the  more  basic  minerals,  although  when  the 
purely  feldspathic  rocks  do  occur  they  form  generally  larger  masses 
than  the  basic  ones.  Trachytes  and  felstones  seem  both  to  be  confined 
to  certain  localities,  in  which,  however,  they  are  very  abundant,  some- 
times alone,  and  sometimes  largely  mingled  with  dolerites,  basalts,  or 
greenstones.     These  latter  rocks,  on  the  contrary,  are  not  only  found 
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in  association  with  the  former,  almost  wherever  these  igneous  rocks 
appear,  but  also  in  many  other  districts,  in  lai^  or  small  quantities, 
unaccompanied  by  any  other  igneous  rocks. 

If  we  assume  all  igneous  rocks  to  proceed  either  from  one  central 
molten  mass  of  equable  constitution  throughout,  or  from  separately 
fused  portions  of  perfectly  similar  constitution,  might  we  not  suppose 
that  the  difference  in  the  constitution  of  Ihe  various  products  which  we 
find  at  the  surface  depended  on  the  circumstances  and  conditions  in 
which  they  had  been  placed  ?  The  portions  now  open  to  our  examina- 
tion had  probably  to  pass  through  different  thicknesses  and  different  kinds 
of  other  rocks ;  they  would  be  placed  then  under  different  conditions 
of  temperature  and  pressure,  which  might  perhaps  alone  cause  a  sepa- 
ration to  take  place  in  their  different  ingredients  ;  they  might  also  take 
up  in  their  passage  other  ingredients  of  different  character  from  those 
which  they  originally  possessed,  or  larger  proportions  of  one  or  other  of 
their  original  ingredients.  In  those  places  or  at  those  times  when  vio- 
lent accessions  of  heat  approached  most  nearly  to  the  surface,  trachytes 
and  feUtones  might  be  poured  out,  while  at  other  periods,  when  the 
heat  was  less  intense,  no  molten  rock  could  reach  the  surface  unless 
it  were  composed  of  more  easily  fusible  minerals.  These  more  readily 
fusible  substances  might  be  conceived  either  to  have  separated  in  liquid 
strings  and  veins  from  the  consolidating  rocks  below,  or  to  have  been 
acquired  by  the  upper  portion  of  the  mass  from  the  rocks  it  met  with 
in  its  i)assage  towards  the  surface,  the  substances  thus  added  having 
acted  as  an  additional  flux  to  matter  which  would  otherwise  have  solidi- 
fied before  it  could  have  been  poured  out. 

Some  such  hypothesis  as  this  seems  to  me  less  forced  than  one 
which  obliges  us  to  suppose  separate  deep-seated  foci  or  reservoirs  for 
every  variety  of  igneous  rock,  those  varieties  frequently  occurring  in 
the  same  district,  and  alternating  one  with  the  other  over  the  same 
space  of  ground. 

If  it  be  well  foimded,  it  will  enable  us  to  account  for  the  gradual 
changes  in  one  connected  igneous  mass,  as  also  for  the  veins  and  patches 
of  different  character  sometimes  to  be  found  occurring  very  abruptly  in 
such  masses,  independently  of  the  supposition  of  a  subsequent  intru- 
sion of  one  igneous  rock  through  the  body  of  another.  This  would 
often  relieve  us  of  a  difficulty  where  the  veins  are  confined  to  the  igne- 
ous rock  and  do  not  penetrate  the  adjacent  a^^ueous  rocks.  We  might 
then  look  upon  such  veins  as  veins  of  segregation,  occurring  probably 
at  the  time  of  the  contraction  consequent  upon  the  moss  of  the  rock 
passing  from  a  molten  to  a  solid  state,  or  from  a  pasty  to  a  crystalline 
state  (see  antej  p.  96),  while  yet  some  parts  of  it  remained  fluid. 

Excitiyxg  Causes  of  Volcanic  Eruptions. — Sir  H.  Davy  suggested 
that  volcanic   eruptions  might  be  caused  by  the  oxidisation  of  the 
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metaUic  bases  of  earths  and  alkalies.  If  repositories  of  tbese  Bubstances 
exist  in  the  interior  of  the  earth,  and  especially  if  they  have  already  a 
high  temperature  derived  from  the  earth's  internal  heat,  and  if  oxygen 
either  of  the  air  or  of  water  be  brought  into  contact  with  them,  the 
phenomena  of  volcanic  action  might  be  produced  by  the  local  intensity 
of  the  heat  thereby  generated.  Dr.  Daubeny  looks  on  this  explanation 
as  perhaps  the  most  probable  one — (see  chapters  xxx\i.  et  seq.  of  Dau- 
beny's  work  on  Volcanoes), — and  shews  that  whether  the  earth  have 
an  intense  internal  temperature  or  not,  in  other  words,  whether  or  no 
the  observed  internal  temperature  lead  to  the  conclusion  of  "  central 
heat,"  the  local  action  of  volcanoes  may  be  due  to  the  oxygenation  of 
metallic  bases. 

Few  authorities,  however,  excepting  Dr.  Daubeny,  now  regard  this 
chemical  explanation  of  volcanic  activity  as  sufficient. 

Bischof,  taking  for  granted  that  the  observed  internal  temperature 
of  the  earth  increases  towards  the  interior  at  the  same  rate  as  near  the 
surface,  attributes  volcanic  activity  to  the  mechanical  action  of  water 
gaining  access  to  the  heated  interior,  and  being  there  converted  into 
explosive  steam. 

He  supposes  the  fusing  point  of  lava  in  general  to  be  about  2282°  F. 
— a  temperature  that  would,  he  says,  be  attained  at  a  depth  of  about 
113,500  feet  below  Geneva,  the  Erzgebirge  or  Cornwall,  and  at 
126,800  feet  beneath  Vesuvius  and  Etna. 

He  remarks  that  the  clastic  force  of  steam  is  at  a  maximum  when 
it  has  the  same  density  as  water,  and  that  it  would  acquire  that  density 
under  the  pressure  of  8300  atmospheres,  or  at  a  depth  where  the  tem- 
perature would  be  2786°  F.,  or  500°  F.  more  than  necessary  to  fuse 
lava.  But  supposing  the  mean  specific  gravity  of  lava  to  be  3,  the 
loftiest  column  of  lava  which  could  be  supported  by  steam  at  its  maxi- 
mum density  would  be  88,747  feet,  or  much  too  little  to  reach  the 
surface  in  Germany  or  Cornwall,  and  still  more  deficient  for  that  of 
Italy.  He  says,  however,  that  this  difficulty  may  be  got  over  by  sup- 
posing the  column  to  be  made  of  lengths  of  steam  included  between 
lengths  of  molten  lava,  like  bubbles  of  air  in  the  mercury  of  a 
barometer,  a  supposition  rendered  probable  by  the  frequent  alternations 
of  outbursts  of  lava  and  vajxmr  during  an  eruption. 

The  hypothesis,  however,  seems  to  involve  the  idea  of  columns  of 
water,  and  columns  of  lava,  or  of  lava  and  steam,  having  equal  access  to 
the  heated  interior,  and  the  ejection  of  the  lava  column  rather  than  that 
of  vrater.  Bischof  discusses  this  objection,  and  observes,  that  supposing 
tbd  waters  of  the  sea  to  gain  access,  by  means  of  fissures,  to  depths  of 
113,000  or  126,000  feet, where  the  temperature  would  be  2282^  F.,  that 
|Im  elaatic  force  of  steam  there  would  be  equal  to  the  pressure  of  5310 
ere0|  while  the  hydrostatic  pressure  would  be  only  equal  to 
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3547  atmospheres  in  the  first,  and  3963  atmospheres  in  the  second 
case  ;  so  that  these  columns  would  be  quite  unable  to  resist  the  pressure 
of  the  steam,  and  would  be  themselves  ejected  instead  of  the  lava. 

He  observes,  however,  that  the  el£^tic  force  of  the  steam  would 
decrease  more  rapidly  in  conse^xueuce  of  decrease  of  temperature  than 
would  the  hydrostatic  pressure,  and  that  consequently  there  must  be 
some  depth  where  the  two  would  balance  each  other ;  and  on  the  sup- 
position of  the  temperature  decreasing  towards  the  surface  at  the  rate 
of  1^  F.  for  every  51  feet,  he  calculates  that  this  point  of  equilibrium 
would  be  at  a  depth  of  88,044  feet  below  the  level  of  the  sea,  where 
the  temperature  would  be  1 754^  F.  He  arrives  at  the  conclusion  that 
Golimms  of  lava,  from  29,348  feet  to  35,209  feet  in  altitude  might  be 
lifted  by  steam  from  depths  of  88,044  feet  and  105,627  feet  respec- 
tively, provided  the  communications  between  the  sea  and  the  volcanic 
focus  were  not  interrupted.* 

As  long  as  these  communications  were  open  the  volcano  could  have 
no  perfect  rest,  although  the  formation  or  arrival  of  fresh  lava  in  the 
base  of  the  fimnel  might  necessitate  an  intermission  in  its  eruption. 

The  channels  of  commimication  between  the  volcanic  focus  and  the 
sea  might  be  interrupted  either  by  lava  itself  being  forced  iuto  them, 
or  by  the  fusion  and  soldering  t(^gether  of  their  walls,  or  by  other  cir- 
cumstances,  and  the  eruption  would  then  be  interrupted  or  cease  till 
the  channels  were  oi)ened  again  by  a  shock,  or  by  the  expansion  of  their 
walls,  or  by  some  other  action.  Tlie  more  the  lava  below  was  cooled 
by  the  water  or  by  the  formation  of  steam,  the  longer  would  be  the 
time  required  for  its  remelting,  especially  as  lava  is  a  bad  conductor  of 
heat. 

The  alternations  of  repose  and  activity,  then,  in  a  volcanic  vent  are 
those  of  the  solidification  and  remelting  of  the  lava  below,  and  the  inter- 
ruptions and  reopening  of  the  channels  between  the  water  and  the 
volcanic  focus. 

It  vnU.  be  seen  that  both  the  chemical  and  mechanical  explanaticjiis 
oflered  above  require  a  commimication  to  be  established  l)etween  the 
interior  of  the  crust  of  the  earth  and  its  surface,  esjKJcially  that  ^mrt  of 
it  covered  by  water.  Inspection  of  any  maps  of  volcanoes  will  shew 
that  all  the  great  active  volcanoes  are  either  in  islands  or  not  far 
removed  from  the  borders  of  the  sea. 

*  Some  recent  exiieriments  have  shewn  that  water  will  readily  pass  tlirough  porous 
substances  which  are  quite  impcmieahle  to  it  when  converted  into  steam,  so  that  it  is  pos- 
sible to  conceive  pent-up  reservoirs  of  strain  receiving  continued  accessions  from  wott-r 
arriving  by  channels  which  the  steam  caiin<jt  escape  by. 


CHAPTER  XX. 

OROGRAPHY,  OR  THE  STRUCTURE  AND  ORIGIN  OF  MOUNTAINS, 

Relations  between  the  intrusion  of  IgneovLS  Bock,  and  the  eleixitton 
of  Stratifed  Rocks. — ^Mr.  Darwin  in  his  book  on  Coral  Reefs  points  out 
that  atolls  and  barriers,  forms  which,  as  we  have  already  seen,  are  a 
consequence  of  the  depression  of  land  beneath  the  sea,  are  never  found 
in  the  same  areas  with  active  volcanoes  ;  and  that  active  volcanic 
islands  have  only  fringing  reefs  around  them.  I  observed  myself,  when 
\T8iting  some  of  the  islands  belonging  to  the  volcanic  band  of  the  eastern 
archipelago,  namely,  Timor  and  Java,  and  sailing  along  the  islands 
between  them,  that  part  of  their  lower  grounds  consisted  of  raised  coral 
reefs,  the  old  fringing  reefs  which  had  surrounded  the  islands  when 
they  stood  at  a  lower  leveL 

Many  other  volcanic  islands  exhibit  proofs  of  the  elevation  of  the 
old  sea  bottoms,  on  which  some  of  the  earlier  lava  streams  had  been 
poured  out,  since  those  lava  streams  alternate  with  aqueous  rocks, 
deposited  on  their  cooled  surfaces  during  the  intervals  of  eruption. 

Those  of  Sicily  and  Madeira  are  mentioned  by  Lyell,  those  of  the 
Canary  islands  were  described  by  Von  Buch,  those  of  St.  Helena  and 
others,  by  Darwin,  and  we  may  perhaps  be  almost  warranted  in  saving 
that  all  volcanic  islands  have  risen  or  are  rising  from  the  sea,  not  only 
in  consequence  of  the  accumulation  of  ejected  volcanic  materials  round 
their  orifices,  but  because  of  the  raising  of  the  base  on  which  they 
stand. 

We  may  even  extend  this  assertion  to  other  volcanic  chains,  such  as 
the  Andes,  the  old  submarine  base  of  which  is  now  continuous  dry  laud, 
as  before  mentioned. 

Tliese  facts  shew  a  connection  between  the  elevation  of  parts  of  the 
earth's  crust,  and  the  intrusion  and  ejection  of  igneous  rock  from  its 
interior  towards  its  surface,  a  relation  which  seems  also  to  have  ex- 
isted with  respect  to  the  irruption  of  the  trappean  and  granitic  Tocks, 
as  well  as  the  eruption  of  the  volcanic. 

It  would  not,  however,  be  a  correct  representation  of  the  facts  to 
say  that  the  irruption  or  eruption  of  the  igneous  rocks  had  been  the 
cause  of  the  elevation  of  the  surrounding  groimd.  The  two  phenomena 
seem  to  be  the  simultaneous  effects  of  the  same  cause  rather  than  one 
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the  cause  of  the  other.  That  cause  may  he  descrihed  as  the  disturb- 
lug  action  of  great  internal  heat,  to  which  some  agent  or  other  had 
imparted  a  local  excitement  and  determination  towards  the  surface. 
Tfais  heat  acting  against  the  inner  port  of  the  crust  of  the  earth,  tends 
both  to  make  it  bulge  outwards  and  to  break  through  it,  and  where  it 
does  bieak  through  it  the  molten  rocks  below  aie  often  forced  into  the 
fissures,  and  sometimes  through  them,  so  as  to  boil  over  on  to  the 
surface. 

In  this  view  of  the  matter  we  should  expect  the  elevation  of  aqueous 
or  older  igneous  rock  to  precede  rather  than  follow  the  intrusion 
of  fresh  igneous  materials,  and  that  the  irruption  or  eruption  of 
the  latter  would  afford  a  local  or  temporary  relief  to  the  movement  of 
elevation. 

The  injection  of  igneous  rocks  into  the  cracks  and  fissures  formed 
during  elevation,  and  their  subsequent  consolidation  there,  would 
doubtless  be  efficient  to  prevent  or  lessen  the  depression  consequent  on 
the  withdrawal  of  the  expansive  force  of  heat. 

The  occurrence,  however,  of  igneous  rocks  in  any  part  of  a  disturbed 
district  is  accidental,  since  it  must  depend  on  the  place  where  cracks 
and  fissures  were  produced,  and  on  their  form  and  position  being  such 
as  to  allow  of  their  being  filled  with  the  molten  matter. 

When  speaking  of  faults  and  contortions,  it  was  observed,  p.  262, 
that  the  two  occur  rather  in  difierent  parts  of  a  disturbed  district  than 
together.  The  disturbing  forces  either  bend  the  rocks  or  break  them. 
If  the  rocks  are  fractured,  the  fragments  may  be  moved  up  or  down 
without  being  bent ;  if,  however,  they  are  not  broken  through,  motion 
can  take  place  by  bending  only. 

The  fractures  may  take  place  either  where  the  greatest  force  is 
exerted,  or  where  the  least  resistance  is  opposed  to  it,  the  strain  on  the 
adjacent  parts  being  in  either  case  relieved  by  the  fracture. 

Observed  fact,  as  far  as  my  own  experience  goes,  certainly  is  in 
harmony  with  these  d  priori  considerations. 

It  has  been  already  remarked  that  even  large  granitic  masses  do 
not  occur  as  axes  or  centres  of  elevation  in  the  way  in  which  they  were 
at  one  time  supposed. 

Examination  of  the  accurate  geological  maps  pubUslied  of  late  years 
by  the  Qeological  Surveys  of  European  and  American  states,  as 
weU  as  those  of  our  own  country  and  colonies,  completely  confirm  this 
statement 

Trappcan  rocks  also  are  in  no  instance  that  I  am  acquainted  with, 
the  centres  or  axes  of  elevated  districts.  On  the  contrary,  the  occur- 
rence of  intrusive  trap  seems,  in  many  cases,  to  have  relieved  the 
action  of  the  disturbing  force  and  moderated  its  effects.  In  other 
cases,  the  traps,  both  intrusive  and  contemporaneous,  have  been  bent  or 
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broken  by  the  dishirbing  forces  just  exactly  as  riiuch  as  the  aqueous 
rocks  with  which  they  were  associated,  proving  that  the  occurrence  of 
the  igneous  rock  was  not  the  cause  of  the  disturbing  effect,  but  that 
the  disturbance  was  altogether  of  subsequent  origin,  and  was  not  accom- 
panied by  the  intrusion  of  igneous  rock. 

Volcanic  islands  and  districts,  even  those  that  have  been  most 
elevated,  exhibit  precisely  similar  facts.  Tlie  elevated  beds  formed 
beneath  the  sea,  wliich  were  just  now  six)ken  of,  almost  always  retain 
the  horizontality  which  they  originally  possessed. 

Tliis  seems  to  be  the  case  in  Sicily  from  LyeU's  descriptions  ;  it  is 
certainly  the  ciise  in  one  part  of  Teneriffe,  and  was  also  the  case  in 
Java  and  Timor,  and  in  those  parts  of  the  intermediate  islands  I  was 
able  to  observe.  It  is  also  true  of  St.  Jago,  one  of  the  Cape  de  Verde 
Islands,  according  to  Darwin  (see  his  Volcanic  Islands). 

They  all  seem  to  have  been  raised  bodily  by  an  upward  swelling 
of  a  broad  area  bearing  the  volcanoes  on  its  back,  and  in  no  case  can 
it  be  shewn  that  the  volcanic  orifices  liave  acted  as  centres  or  axes  of 
elevation  to  those  beds  around  them  which  ^ere  undoubtedly  formed 
beneath  the  sea. 

Even  where  the  beds  in  volcanic  islands,  such  as  St.  Helena,  or  in 
great  volcanic  chains,  such  as  the  Andes,  have  been  greatly  disturbed, 
and  tilted  in  various  directions  (as  described  by  Darwin  in  his  Volcanic 
Island  and  South  America,  and  lately  by  Mr.  D.  Forbes  in  Quarterly 
Journal  Geol.  Soc,  vul.  xvii.,  part  1),  those  directions  are  not  at  all 
governed  by  the  position  of  volcanic  orifices. 

In  St  Helena  the  beds  of  volcanic  materials  seem  to  have  been 
thn)wn  into  various  inclined  ^wsitions,  dipping  both  from  and  towards 
what  was  probably  the  central  orifice  during  the  time  of  eruption. 

In  the  Andes  both  older  igneous  and  aqueous  rocks  appear  to  have 
been  violently  disturbed  and  throTvn  into  many  anticlinal  and  synclinal 
flexures,  the  axes  of  which  doubtless  run  parallel  to  the  direction  of 
the  chain  along  which  the  volcanic  orifices  are  ranged  ;  but  the  beds 
appear  to  be  just  as  much  disturbed  where  there  are  no  volcanoes  as 
where  they  exist,  if  indeed  they  are  not  more  disturbed  in  the  parts 
from  which  volcaut)es  are  absent. 

I  believe,  then,  that  we  are  perfectly  warranted  in  making  the 
general  statement,  that  there  is  no  direct  relation  between  the  lines  or 
points  of  irruption  or  eruption  of  igneous  rock  of  any  kind,  and  the 
inclined  positions  of  the  surrounding  beds  of  aqueous  rock  ;  in  other 
wordfl,  that  igneous  rocks  do  not,  except  accidentally,  form  the  centres 
or  axee  of  the  elevations  which  have  affected  the  crust  of  the  earth. 

V  OoM  aawrtioii  be  generally  true,  it  will  follow  that  it  is  exceed- 
tiiit  cones  or  craters  could  be  generally  formed  by 
'  ocifioea. 
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Steep  Inclinations  never  communicated  to  Beds  by  disturbance  acting 
near  the  Surface^ — Recent  reflection,  indeed,  has  led  me  to  doubt  the 
physical  possibility  of  the  formation  of  a  conical  mountain  by  any  local 
action  of  upheaval  anywhere  at  the  surface  of  the  earth. 

Every  one  who  has  examined  any  much  disturbed  district  must  of 
course  be  familiar  with  the  fact  of  the  dome-shaped  elevation  and  basin- 
shaped  depression  of  rock  beds,  with  a  quaquaversal  dip  from  or  towards 
a  central  spot  Some  of  these,  when  their  sides  are  but  slightly  inclined, 
or  when  their  base  is  large  in  proportion  to  their  height,  are  very  sym- 
metrical ;  when,  however,  their  sides  approach  in  steepness  to  those  of 
a  volcanic  cone,  they  are  rarely,  if  ever,  so  symmetrical  as  the  majority 
of  volcanic  cones.  Their  forms  become  oval  or  irregular,  or  their  beds 
are  much  more  highly  inclined  in  one  part  than  another,  or  they  are 
broken  by  dislocations  that  destroy  the  synunetry  of  their  shape. 

There  are  hardly  perhaps  anywhere  to  be  found  dome-shaped  eleva- 
tions of  beds  of  aqueous  rock  that  more  nearly  approximate  in  form  to 
what  we  might  suppose  denuded  volcanic  cones  would  assume  on  the 
crater  elevation  theory,  than  the  three  quasi  dome-shaped  elevations  of 
Wenlock  Limestone  just  north  of  Dudley,  known  as  the  Castle  Hill,  the 
Wren's  Nest,  and  Hurst  Hill,  ranged  as  they  are  in  a  straight  line,  and 
with  the  beds  of  each  dipping  in  all  directions  from  their  central  parts. 
Nobody,  however,  could  look  at  the  geological  map  (62  south-west  of 
the  maps  of  the  Geological  Sui-vey,  or  the  sketch  on  p.  146  of  the 
Geology  of  th^  South  Staffordshire  Coal/eld)  without  perceiving  how 
much  they  differed  in  fonu  from  that  of  any  volcano,  independently  of 
the  absence  of  a  crater. 

If,  however,  volcanic  cones  and  craters  are  formed  by  elevation 
round  a  central  point,  there  seems  no  reason  why  other  rocks  that  have 
been  similarly  elevated  should  not  have  exactly  similar  forms,  even  if 
they  have  not  craters  formed  in  them. 

There  are  even  many  crati*rs  known,  sucli  as  the  Creux  de  Morel 
in  Auvergne,  the  Pulver  Maar,  and  other  IVIaars  in  the  Eifel,  roimd  which 
very  small  accumulations  of  volcanic  ejection  have  taken  place,  and  yet 
no  quaquaversal  inclination  of  the  aqueous  rocks  around  them  is  to 
be  seen.  They  seem  mere  holes  drilled  through  the  rocks,  without  any 
tilting  of  their  si<le8. 

Even,  however,  if  we  disregard  the  differences  in  form  observable 
between  volcanic  cones  and  qua(iuaver8al  elevations  of  other  rocks, 
there  remains  another  most  essential  distinction  to  be  pointed  out. 

No  highly  inclined  beds,  whatever  may  be  the  shape  they  have 
assumed,  can  anywhere  be  she\m  to  have  acfiiiired  their  high  inclinar 
tion  at  or  near  to  the  present  surface  of  the  groun(L  No  dip  of  even 
30°  in  any  a^iueous  rock  whatever,  and  continued  for  more  than  a  few 
yards,  can  be  proved  to  have  been  acquired  at  the  surface,  or  rather  no 
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such  dip  can  be  pointed  out  anywhere  in  the  world,  that  cannot  be 
proved  to  have  existed  before  the  production  of  the  present  surface  of 
the  ground  by  denudation.  This  assertion  is  made  partly  as  the  result 
of  rather  widely  spread  personal  observation  and  a  tolerably  extensive 
examination  of  the  observations  of  others,  and  partly  from  d  priori  con- 
siderations. 

If  horizontal  beds  with  a  horizontal  ground  surface  be  tilted  into 
an  angle  of  30®,  it  follows  that  the  surface  of  the  ground  must  have  an 
equal  inclination.  But  a  ground  surface  slope  of  30°  never  occurs  for 
more  than  a  few  yards,  except  in  hilly  or  mountainous  regions,  which 
can  always  be  shewn  to  have  suflfered  greatly  from  denudation,  and 
where  the  slope  of  the  beds  and  that  of  the  surface  rarely  coincide  in 
angle  and  direction,  except  accidentally  and  for  small  distances. 

Wherever  beds  are  highly  inclined,  it  can  always  be  shewn  that 
great  denudation  has  taken  place  there,  otherwise  the.  ground-surface 
must  precisely  follow  and  agree,  both  in  inclination  and  altitude,  with 
the  lie  and  extent  of  the  beds. 

In  such  cases  as  the  vertical  Chalk  running  through  the  Isle  of 
Wight,  it  only  requires  inspection  of  the  map  (sheet  9)  and  sections  (No. 
47)  published  by  the  Geological  Survey,  or  the  smaller  ones  given  in  the 
Memoir  on  the  District  by  Professor  Edward  Forbes  and  Mr.  Bristow, 
to  be  convinced  that  the  whole  of  the  Eocene  rocks  at  least,  which  are 
more  than  2000  feet  thick,  have  been  removed  since  the  Chalk  beds 
acquired  that  high  inclination. 

Among  older  and  more  greatly  disturbed  rocks,  where  alone  in 
Britain  we  have  steep-sided  quaquaversal  inclinations,  the  subsequent 
denudation  can  always  be  shewn  to  have  been  enormous. 

It  was  from  want  of  allowing  for  this  denudation  that  the  mistake 
naturally  arose  of  attributing  the  production  of  such  disturbances  to 
forces  of  greater  intensity  than  any  now  acting  on  the  earth.  It  has 
been  said  rightly  enough,  that  no  such  disturbances  and  tiltings  of  beds 
as  may  be  often  seen  at  the  surface  are  ever  now  produced  anywhere  at 
the  surface  of  the  earth,  but  the  fact  was  ignored  that  the  very  effects 
referred  to  were  not  themselves  produced  at  the  surface. 

If  the  reader  will  turn  to  p.  237  ^^  seg.,  and  the  figures  of  contorted 
and  denuded  beds  there  given,  he  will  see  at  once  the  gist  of  these 
remarks. 

It  is  doubtless  true  that  the  force  required  to  bend  solid  rock,  and 
tilt  it  into  such  positions,  must  have  been  one  of  greater  intensity  than 
any  we  have  experience  of  at  the  surface,  but  it  is  equally  true  that  a 
force  acting  with  such  local  intensity  never  could  have  reached  the 
surface.  All  forces  of  disturbance  acthig  on  the  crust  of  the  earth  must 
proceed  from  the  interior,  and  must  travel  through  the  whole  thickness 
of  the  crust  before  they  can  reach  its  upper  surface.     Before,  then,  they 
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reach  that  surface,  their  intensity  mnst  be  weakened  so  much  hj  disper- 
sion in  the  mass  of  that  crust  that  their  effect  at  any  particular  locidity 
of  that  upper  surface  will  be  but  a  fraction  of  that  with  which  they  acted 
on  points  of  what  we  may  call  the  under  surface  of  the  earth's  crust 

In  order  that  any  locally  intense  movement  should  take  place  in 
that  crust  such  as  would  produce  high  inclination  of  beds,  an  im- 
mense accumulation  of  force  must  be  brought  to  bear  upon  a  com- 
paratively small  internal  part  of  it  The  result  will  be  that  some 
weaker  line  or  point  will  first  yield,  and  the  disturbance  there  will,  to 
a  certain  extent,  relieve  the  pressure  on  other  parts.  Lines  or  points 
that  have  once  yielded  vnH  be  apt  to  yield  again  on  a  recurrence  of  the 
accumulated  force,  elevation  of  one  part  may  produce  depression  of 
another,  and  we  may  conceive  any  amount  of  bending,  or  any  amount 
of  fracture,  in  the  immediate  neighbourhood  of  the  local  centres  of 
intensity  of  action  thus  generated. 

But  before  the  disturbance  arising  about  these  could  reach  the  sur- 
face it  must,  as  just  now  said,  be  so  dispersed  on  all  sides  through  the 
thickness  of  the  crust,  that  its  local  energy  must  be  lost,  and  the  effect 
produced  at  any  point  of  the  surface  must  be  comparatively  slight. 

It  is  difficult  to  imagine  any  cause  that  could  gather  these  rays  of 
disturbing  force  together  again,  and  so  focits  them  on  any  point  of  the 
surface  as  to  produce  great  local  disturbance  there. 

We  only  become  aware  of  the  local  agency  of  the  deep-seated  forces 
of  disturbance  when  we  have  the  once  deeply-seated  rocks  brought  up 
from  their  depth,  and  exposed  at  the  surface  by  the  action  of  denuda- 
tion. 

It  has  been  already  observed  that  the  very  fact  of  the  occurrence  of 
a  fissure  producing  a  connection  between  the  surface  and  the  deep-seated 
parts  of  the  earth,  where  molten  rock  exists,  will  relieve  the  energy  of 
the  uplifting  force,  while  the  outpouring  of  that  molten  rock  must 
rather  tend  to  produce  a  cavity  into  which  some  of  the  adjacent  rocks 
may  sink. 

This  seems  sometimes  to  have  been  the  case  with  volcanoes,  as  in 
the  section  in  the  neighbourhood  of  Porto  Praya,  given  by  Mr.  Darwin 
in  his  Volcanic  Islands,  and  I  have  seen  reason  to  suspect  a  similar 
action  to  have  occurred  in  cases  of  the  eruption  or  irruption  (whichever 
it  may  have  been)  of  trap  rocks,  as  in  the  South  Staffordshire  coalfield, 
and  the  irruption  of  granite,  as  in  that  of  the  south-east  of  Ireland. 

The  movement  of  molten  rock  may  in  this  way  be  sometimes  a 
cause  of  the  motion  of  the  rocks  above  or  about  it,  but  if  so,  it  will  be 
a  movement  of  depression  in  the  part  from  beneath  which  molten  rock 
came,  and  not  of  uptilting  in  the  rocks  over  it.  Moreover,  the  inclina- 
tion will  be  that  of  dip  towards  rather  than  from  the  intrusive  mass. 

Mountains  are  of  three  kinds. — ^From  what  has  been  said  in  this 
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and  preceding  chapters,  it  will  be  seen  that  hills  and  mountains  are  of 
three  kinds. 

a,  Mountains  or  Hills  of  Circumdenudation  (see  p.  282)  produced  by 
the  removal  of  the  surrounding  rocks,  in  which  the  base  of  the  moun- 
tains and  the  adjacent  plains  are  formed  of  the  same,  or  nearly  the  same, 
set  of  rocks,  whether  they  be  horizontal  or  gently  undulating.  (See 
fig.  71.)  It  not  unfrequently  happens  that  the  beds  beneath  the  hiU 
have  a  quaquaversal  dip  inward,  as  in  the  hill  in  fig.  71,  so  that  the 
beds  form  a  basin,  while  the  surface  of  the  ground  is  a  hill. 

b,  Mountains  of  Uptilting  (see  fig.  72,  p.  282),  in  which  lower  beds 
have  been  reared  up  in  the  central  parts,  while  the  circimijacent  low- 
lands are  formed  of  rocks  much  higher  in  the  series  than  those  forming 
the  hills.  Although  in  this  case  the  amount  of  denudation  has  actually 
been  greater  on  the  moimtains  than  on  the  adjacent  low  grounds,  it 
has  not  succeeded  in  wearing  them  down  to  the  level  of  the  plains, 
because  its  levelling  action  has  been  more  than  compensated  by  the 
up-pushing  agency  of  the  internal  elevating  force. 

c,  Mountains  of  EJectimi,  of  which  volcanoes  are  the  only  examples, 
caused  by  the  piling  of  materials  ejected  round  central  orifices,  as  in 
fig.  99,  p.  332. 

Mountains,  then,  formed  simply  by  the  elevation  or  uptilting  of 
previously  existing  rock,  and  unaccompanied  by  denudation,  whether 
they  be  volcanic  cones,  or  formed  of  other  rocks,  have,  as  I  believe,  no 
real  existence,  and  are  so  highly  improbable,  that  we  may  feel  justified 
in  asserting  that  they  are  physically  impossible. 

Valleys  are  of  one  kind  only. — ^Valleys  are  in  all  cases  the  result 
of  the  erosion  of  rock  that  has  been  lifted  above  the  sea,  whether  that 
erosion  has  acted  along  the  summits  of  anticlinal  curves  or  along  the 
bottoms  of  synclinal  curves,  or  has  cut  through  the  rocks,  as  it  has  in 
the  majority  of  instances,  without  paying  any  regard  to  the  position  and 
lie  of  their  beds.  There  is  no  such  thing  in  nature  as  a  valley  of 
elevation,  or  a  valley  of  depression,  if  by  that  term  we  imderstand  one 
formed  without  denudation,  or  as  a  direct  consequence  of  the  tilting  of 
the  beds  over  an  anticlinal  or  under  a  synclinal  axis. 

Intercolline  Spaces. — ^The  only  hollows  between  hills  that  were 
not  produced  by  denudation  are  those  between  volcanic  moimtains, 
such  valleys  being  a  consequence  of  the  growth  of  the  moimtains 
aroimd  them,  in  the  way  already  alluded  to.  In  fig.  99,  p.  332,  the 
spaces  marked  xx  will  give  an  idea  of  the  mode  of  formation  of  such 
valleys.  For  such  Sir  C.  Lyell  has  lately  proposed  the  distinctive  term 
"  intercolline  spaces,"  in  order  to  distinguish  them  from  valleys  proper, 
which  are  always  excavated  by  denudation,  cutting  into  previously 
existing  rock,  and  to  shew  that  they  appear  like  valleys  solely  in  conse- 
quence of  the  growth  of  the  surrounding  hills. 
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E>  De  Beaunumfs  Theory  of  the  Parallelism  of  Mountain  Chains. — 
Whoever  examines  the  structure  of  a  great  mountain  chain  such  as  the 
Andes  or  the  Alps,  or  such  as  the  lesser  mountainous  hills  of  the  British 
Islands,  will  see  that  the  beds  of  which  they  are  composed  have  been 
thrown  into  several  bold  corrugations  or  long  folds,  the  axes  of  which 
run  more  or  less  strictly  parallel*  to  each  other. 

It  often  happens,  too,  that  neighbouring  mountain  chains,  such  for 
instance  as  the  Swiss  Alps  and  the  Jura,  are  parallel  to  each  other. 
This  is  the  case  also  in  North  Wales  with  the  mountains  of  Caernarvon- 
shire, and  those  of  Merioneth,  which  run  north-east  and  south-west ;  it 
is  the  case  in  the  south  of  Ireland  with  the  Commeragh,  the  Knock-meal- 
downs,  the  Qaltees  and  the  Kerry  mountains,  which  run  nearly  east  and 
west  (or  east  by  north,  and  west  by  south),  and  similar  parallelism  may 
be  observed  in  Scotland,  and  in  fact  in  all  parts  of  the  world. 

This  parallelism  in  neighbouring  mountain  chains  is  merely  an  ex- 
tension of  the  parallelism  tbat  may  be  observed  in  the  anticlinal  and 
synclinal  curves,  in  the  cleavage  and  foliation,  and  in  the  faults  and 
dislocations  of  a  district  The  areas  over  which  this  parallelism  ex- 
tends vary  greatly  in  extent,  aud  often  include  smaller  areas  in  which 
great  departures  from  the  general  parallelism  may  be  observ-ed,  those 
small  areas  being  often  smaller  districts  in  which  the  direction  of  the 
widely  acting  forces  has  been  modified  bo  as  to  produce  another  local 
parallelism  with  a  different  bearing  from  that  by  which  it  is  surrounded. 

There  are  also  very  conunonly  cases  in  which  the  ilii-ection  of  all 
these  lines  changes  gradually,  so  as  to  run  along  a  very  tlifierent  bear- 
ing in  one  ptirt  of  their  course  from  what  they  do  at  another.  In  the 
case  of  the  Jura,  for  instance,  the  strike  of  the  beds  and  of  the  ranges 
near  its  southern  termination  is  almost  north  and  south,  in  the  centre 
it  is  north-east  and  south-west,  while  at  the  other  extremity  it  is  nearly 
east  and  west. 

In  parts  of  north  Wales  the  very  same  beds  gradually  curve  round 
from  the  general  north-east  and  south-west  strike,  so  as  to  run  due  east 
and  west,  as  may  be   seen  by  walking  along  the  crest  of  the  Berwyn 

*  The  longitudinal  valleys  accompanying  mountain  (rkains  often  run  parallel  to  the«e 
folds,  not  because  they  have  been  pro«luccd  by  them,  l>ut  because  when  the  denuding  force 
succeeded  in  wearing  down  the  ground  to  near  its  present  surface,  the  ditteront  folds  brought 
banler  or  softer  rocks  within  its  influence. 

The  straight  valley  of  the  Rhone  alwve  Martigny,  and  the  valley  of  Chamonnix,  which 
runs  in  the  same  lino,  have  Iwtli  been  excavated  along  some  black  shale  or  slate  which  w^as 
rolled  in  between  the  hanler  semi  crystal  line  rocks  of  the  Bernese  Oberland,  and  the  Brevent 
on  the  north-west,  and  the  range  of  Mont  Blanc  and  Monte  Rosii  on  the  south-east.  These 
black  slates  may  be  seen  at  the  hca»l  of  the  Rhi.ne  valley,  in  the  hills  imme«liately  west  of 
Martigny,  and  about  the  ridge  of  the  Col  de  Balnie,  an«l  again  at  the  south-west  end  of  the 
Chamonnix  valley.  These  valleys  are  in  the  central  line  of  the  Alps,  and  njight  bo  called 
the  axis  of  the  chaiu,  as  the  knot  of  the  Funra  fn»m  which  the  Rhine  and  the  Rhone  antl 
all  the  great  rivers  spring,  is  certainly  the  central  knot  of  the  Alps. 
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range  from  the  part  east  of  Bala  Lake  to  that  lying  south  of  Llangollen. 
The  several  parts  of  a  mountain  chain,  then,  which  lie  beside  each  other 
are  generally  parallel  to  each  other,  and  neighbouring  mountain  chains 
are  similarly  parallel  for  certain  portions  of  their  length  ;  but  the  bear- 
ing of  one  portion  of  the  length  of  a  mountain  chain  is  by  no  means 
parallel  to  its  bearing  in  another  portion,  and  neighbouring  mountain 
chains  often  include  exceptional  areas,  sometimes  of  considerable  size, 
in  which  there  is  great  departure  from  the  general  parallelism. 

Now  it  can  generally  be  shewn  that  the  elevation  of  a  mountain 
chain  was  the  result  of  a  widely-spread  force,  the  maximum  effects  of 
which  took  place  in  a  certain  given  direction  over  considerable  areas, 
and  that  therefore  these  parallel  parts  of  the  mountain  chain  were 
simultaneously  tilted. 

It  commonly  happens,  too,  that  all  the  synclinal  and  anticlinal  curves, 
and  therefore  the  strike  of  the  beds,  the  main  faults  and  the  cleavage 
(all  being  the  different  results  of  the  same  mechanical  force)  run  paral- 
lel to  each  other,  and  were  produced,  or  at  all  events  commenced  siinul- 
taneously. 

It  will  be  exceedingly  likely  also  that,  when  once  the  direction  of  these 
structures  is  communicated  to  any  area,  any  subsequent  disturbing  force 
will  act  along  them.  The  features  being  once  sketched  out,  a  repetition 
of  the  process  will  be  more  likely  to  deepen  and  heighten  them  than 
obliterate  them. 

Struck  with  this  relation  between  the  parallelism  and  synchronism, 
M.  E.  de  Beaumont  passed  to  the  bold  generalization  that  all  moimtain 
chains  all  over  the  world  that  are  parallel  to  each  other  were  formed 
contemporaneously. 

But  when  we  extend  the  idea  of  parallelism  from  a  part  of  the 
earth's  surface  that  can  be  considered  as  a  plain  to  the  whole  curved 
superficies  of  the  spheroid,  there  arises  a  difficulty  as  to  what  we  mean 
by  parallelism. 

Lines  nmning  east  and  west  right  round  the  globe,  or  parallels  of 
latitude,  are  strictly  parallel  to  each  other,  or  will  always  be  at  the 
same  distance  from  each  other.  Lines  running  north  and  south,  how- 
ever, or  meridians,  meet  at  the  poles,  and  therefore  cannot  be  parallel 
to  each  other.  And  lines  rimning  roimd  the  globe,  and  crossing  the 
parallels  of  latitude  obliquely,  change  their  compass  bearing  conti- 
nually. The  ecliptic,  for  instance,  as  marked  on  the  terrestrial  globe, 
runs  from  the  equator  into  the  northern  hemisphere  along  an  EJ^JL, 
bearing,  changes  that  at  the  tropics  to  one  nearly  east  and  west,  and 
ultimately  to  the  south  of  east,  passes  into  the  southern  hemisphere 
as  an  E.S  JI  line,  coincides  gradually  with  the  southern  tropic  as  an  east 
and  west  line,  and  then  gradually  returns  to  its  former  bearing. 

If  we  draw  short  lines  on  a  globe  of  glass,  on  all  sides  of  it,  all  of 
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them  numiiig  novUi-wert  and  south-east,  or  mdined  to  the  meridians 
of  the  different  parts  at  a  constant  angle  of  45^,  and  then  held  up  the 
glohe  and  looked  tiuough  it,  we  should  see  those  lines  crossing  each 
other  at  all  kinds  of  angles,  and  those  at  the  antipodes  of  each  other 
would  be  at  right  angles  to  each  other. 

Mountain  chains,  then,  which  run  north-east  and  south-west,  or  in 
any  other  given  direction,  in  different  parts  of  the  globe,  are  any  thing 
but  parallel  to  eacb  other. 

M.  E.  de  Beaumont^  therefore,  definiBS  what  he  means  by  parallel 
mountain  chains,  by  stating  that  they  are  those  which  are  arranged 
along  small  circles  parallel  to  the  same  great  circle :  just  as  all  the 
parallels  of  latitude  are  small  circles  parallel  to  the  great  circle  called 
the  equator. 

If  we  take  an  orange,  and  cut  it  in  any  direction  by  a  clean  slice 
right  throu^  the  middle  into  two  equal  halves,  but  do  not  allow  the 
hfilves  to  separate,  the  line  traced  on  the  outside  of  the  orange  repre- 
sents a  great  dzcle.  If  we  then  cut  it  into  smaller  slices,  by  cuts 
which  are  strictly  parallel  to  the  first,  still  keeping  the  pieces  unmoved, 
the  liues  traced  by  these  cuts  on  the  suHSeu^  of  the  orange  represent 
small  circles  parallel  to  the  first  great  circle. 

M.  R  de  Beaumont  afterwards  shews  that  the  mountain  chains  of 
the  globe  thus  classified  can  also  be  grouped,  so  that  their  directions 
shall  form  a  pentagonal  network,  and  spends,  according  to  Mr.  W. 
Hopkins,  a  wonderful  amoimt  of  ingenious  and  profound  mathematics 
in  tracing  out  their  geometrical  rolationa  (See  Mr.  W.  Hopkins*s  Presi- 
dential Address,  Qv/arterly  Joum,  Oeol,  Soc^  voL  ix.) 

For  purposes  of  comparison  he  selects  three  centres,  to  which  the 
different  lines  of  direction  are  referred,  and  finds  a  certain  approximate 
agreement  among  them.  It  is  unnecessary  to  go  into  the  discussion  of 
the  theory  at  greater  length,  since,  when  thus  extended  and  transcen- 
dentalized,  it  obviously  ceases  to  have  any  practical  value.  As,  how- 
ever, the  student  may  wish  to  know  what  were  the  ultimate  results 
arrived  at,  I  add  the  table  of  the  systems  given  in  Mr.  Hopkins's  address, 
in  which  the  centre,  to  which  the  bearings  of  the  lines  were  referred, 
was  Bingerloch  on  the  Rhine  : — 
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wdu,td  lu 
Biugcrloch. 

B^iiu  ill  wUch  BjbUdu  eHM. 

I.V.n.l*e     .        -        -       . 

S,  14'  S2-  W, 

LiVi'Ddee,  Britunf. 

11.  Finirtem. 

E.  irsrx. 

Biiiunf,  Sonauuij,  Sweden,  Fiotuid. 

IIL  LoBSmyDd    .        .       . 

IV,  Mort.lhin.     Lower  Bilu- 
■Un,  Lw*r  BUiiriM.  Tile- 

W.  15'SS-N, 

The    I^neB,.™d,    Britt«By.    Nonnuidy. 

a^ignj,  Sweden,  Finlind. 
BniUny,  i-uulbl]-  in  bobj  other  pluen. 

V.  Wenninrclindin.lHimda- 
nick    Old  K>^1  HindaloDe 
(Dev-oidu;,  Cirboalteroiu, 

VIL  Forw    .... 

W.  Id-  M'  K. 

Manr  pWn  in  Gnat  Briuin  and  Fmnce. 

Norw»y,  Mud  DevoniMi  and  Catbonl- 

Scveral  irnl.  of  Ft»Me.    Dndleyt  Cniu 

Malvem  nill*.  eW..  f>e|«niiienl  of  thr 
LnliT,  elr, .  In  Frui«,  IsUad  of  GoUi- 
lind,  SiirthofBDiuiL 

liny,  Bonih  of  Inluid,  Derbyshire. 

lutKt.  moiintuni  ud  centn  of  Frucr, 
Thirtley,  ud  C«.l-brooli  D.]^  InUiiud, 
Bdollud,  ScuidlnaTiL 

VIIL  North  of  EngU..d. 

HiL4,-suKn  Limestone. 

UL  ISelherlnnds  nnd   SnutU 
Wotui.  Qrrt  de  VaigM. 
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.... 

X.  Rhine. 

TOM, 

\-  31-  4  E 

SI.  ThUrfnuerwild.         LIm 

W.  SB-  47'  S 

Thttrtngerwild,  Fruee. 
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E.  sr  W  N. 

EmtiTo  nuJ  Honhera  Mtto  of  Fr»nM, 
i^uon)-,    Voigei,    EngUnd    (OuUlii: 

"'SHs*-^ 

.1.  21-51'W, 

""t^'-oSS"'  ""'■  «"»  •' 

XIV.  Prreneea.     Eocene  of 
i^n.  B»aln,  benralbQrta 
do  Foplainebleq. 

W,  M"  S-  N. 

Pyreneee      lUIy.     SleHy,    'Q™™.-    C«- 

XV.  Conrioa    uid     Sardinia 

XVI.  liloorwWituuiTut™. 
Oilnln     a^»ui      douce 

N.  Cirw. 

Coislc-^  ftiMlnii.  mgwr  put  of  Loire  ud 

AUier.  Rhone,  llnngirj.,  Syri.,  B«l 

lale  or  Wljiht,  Tat™  (a  niounlnin  noulh  of 

SVH.  Er)-rL,«,itiu,  and  &in- 

EK-IS-N. 

GrecM,  Pnnee. 

Ulniiui:  all.  Xliy 
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System. 

Orientations 
reduced  to 
Bingerloch. 

Regions  in  which  Systems  exist 

XVIII.  Weatem  Alps.     Ter- 
rain de  transport  aneien. 

XIX.  Principal  Chain  of  the 
Alps  (troux  Le  Vallais  to 
Austria).    Dilavtam. 

XX.  Tenare,  Etna,  Vesarias. 

N.  28*  19  B. 
a  15"  6  N. 

N.  15'  46'  W. 

Italy,  SicUy,  Northern  Afdca,  Hungary, 
Poland,  Crimea.  Asia  Minor,  the 
Harts,  Cantal  and  Mont  Dor,  Norway, 
Sweden. 

South-east  of  England,  North  of  France, 
south-west  of  France,  Spain,  shores  of 
the  Mediterranean,  North  of  AfHca, 
Atlas,  Caucasus. 

Greece,  Italy,  Sicily. 

Any  1%  ell-informed  geologist,  who  even  casts  his  eye  along  this  table, 
will  feel  that,  however  the  earlier  systems  may  be  open  to  arguments 
for  or  against,  the  endeavour  to  support  the  later  ones  by  any  fair  show 
of  reasoning,  or  anything  else  but  the  most  arbitrary  assumptions^  must 
be  perfectly  hopeless. 

K  the  present  mountains  of  the  globe  have  in  reality  been  formed 
by  forces  which  were  simultaneously  in  action  over  the  whole  of  it, 
instead  of  now  in  one  part  of  it,  and  now  in  another,  we  are  not  yet  in 
a  position  to  discuss  the  law  which  has  regulated  that  action.  It  seems 
much  more  likely,  that  the  forces  residing  in  the  interior  of  the  globe 
have  acted  locally  and  intermittingly,  the  area  of  the  localities  acted  on, 
and  the  times  of  the  activity,  and  the  pauses  between  them,  having 
been  very  various  but  never  excessive,  the  areas  ^ot  exceeding  those 
which  we  know  to  have  been  simultaneously  affected  by  earthquakes 
during  our  own  times,  and  the  times  of  action  and  repose  being  of 
similar  length  to  those  with  which  we  are  now  familiar. 

The  earthquakes  which  now  affect  the  surface  of  our  earth  are  but 
the  external  symptoms  of  the  occasional  convulsive  movements  going  on 
at  greater  depths,  those  movements  producing  contortions  or  disloca- 
tions, or  great  curvatures  in  the  rocks  deep  below  the  surface,  such  as 
when  they  reach  the  surface  after  long  equable  elevation  and  great 
denudation  will  shew  exactly  the  same  phenomena  as  we  observe  in  the 
mountain  chains  and  disturbed  districts  now  visible  at  the  surface. 
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MINEBAL   VEINS. 

Thb  local  accumulation  or  deposition  of  minerals  in  parts  of  rocks, 
subsequently  to  the  formation  of  the  rocks  themselves,  is  a  very  inter- 
esting and  important  subject,  which  requires  a  special  treatise  for  its 
proper  discussion.  All  that  can  be  done  here  is  to  point  attention  to  a 
few  of  the  principal  facts  connected  with  it. 

Metallic  Ores  in  Beds, — ^The  ores  of  metals  are  sometimes  found 
to  occur  in  beds.  This  is  especially  the  case  with  the  most  abundant 
of  all  metals,  iron.  The  great  majority  of  rocks  contain  iron,  and  some 
are  so  highly  impr^nated  with  it  as  to  make  it  worth  while  to  smelt 
them.  The  so-called  iron-sands  of  the  south-east  of  England  were  at  one 
time  an  important  source  of  iron.  The  principal  sources  now  used  in 
Great  Britain  are  bods  of  clay-iron-ore,  or  beds  containing  nodular  con- 
cretions of  clay-iron-ore,  found  in  the  Carboniferous  and  other  formations. 

Haematite  also  occurs  in  great  bed-like  masses  in  some  places,  as 
near  Ulverstone,  where  a  bed-like  mass  20  or  30  feet  thick,  appears 
as  if  interstratified  with  the  Carboniferous  Limestone  {See  Mems,  GeoL 
Survey y  Iron  Ores  of  Gt  Britain,  part  1 .  Introduction  by  W.  W.  Smyth, 
p.  20.) 

Some  beds  of  rock  also  contain  copper-ore  as  a  mechanical  deposit, 
mingled  with  the  other  materials  of  the  rock-  The  **  kupfer  schiefer," 
or  copper  slate  of  Germany,  is  of  this  character,  and  many  beds  of 
sandstone  in  the  upper  part  of  the  Old  Red  Sandstone  of  the  south  of 
Ireland,  coptain  considerable  quantities  of  copper-ore  disseminated 
among  them. 

These,  and  such  like  accumulations  of  the  ores  of  metals,  do  not 
properly  belong  to  the  subject  to  be  treated  of  in  this  chapter,  the 
metallic  ore  having  in  them  been  deposited  in  the  same  way  as  the 
other  materialB  of  the  bed  or  beds  in  which  it  lies,  either  as  a  chemical 
precipitate  or  a  mechanical  sediment 

When,  indeed,  the  metallic  ore  no  longer  remains  in  the  exact  form 
or  place  in  which  it  was  first  dex)osited  ;  but  has  segregated  itself  fifom 
a  state  of  general  dispersion  through  the  mass  of  a  rock,  so  as  to  form 
nodules  or  concretions  in  particular  parts  of  it,  like  the  balls  of  day- 
ironstone  in  many  clays^  or  the  balls  of  fibrous  radiating  iron  pyrites  in 
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chalk,  or  the  cubical  and  other  crystals  of  iron  pyrites  in  many  rocks, 
there  is  then  an  obvious  connection  between  such  a  phenemenon  and 
those  to  be  found  in  metallic  veins.  This  concretionary  action,  how- 
ever, is  not  confined  to  metallic  ores,  but  is  general  for  all  mineral 
matter,  as  is  shewn  by  the  segregation  of  flints  in  chalk,  chert  in  lime- 
stone, calcareous  concretions  in  clays  and  sandstones,  the  formation  of 
hard  baUs  in  shales,  and  that  of  botryoidal  and  other  globular  masses 
in  dolomite. 

We  are  led,  moreover,  by  almost  insensible  steps,  from  the  study  of 
such  molecular  movement  in  the  particles  of  rocks  after  deposition, 
through  other  occurrences,  up  to  the  phenomena  observable  in  mineral 
veins. 

It  often  happens  that  in  breaking  open  balls  of  clay-iron-ore,  crystals 
of  galena  (sulphide  of  lead)  and  of  blende  (sulphide  of  zinc)  are  found 
in  the  cavities  of  the  balL  Nodular  lumps  of  specular  iron  ore,  highly 
crystalline  and  the  size  of  the  fist,  are  found  sometimes  in  the  Old  Red 
Sandstone  of  the  South  of  Ireland,  and  similar  balls  of  galena  in  the 
Carboniferous  Limestone.  These  are  not  rolled  pebbles,  but  small 
deposits  of  the  minerals  which  have  been  formed  in  little  closed  cavities 
in  the  rock. 

Pipe  Veins. — Much  larger  depositions  of  lead  ore,  and  of  other 
iiiinerab,  occur  occasionally  in  rocks,  filling  up  irregular  cavities  that 
have  apparently  little  or  no  connection  with  any  great  fissure.  What 
are  called  "  pipe  veins,"  in  Derbyshire  and  the  North  of  England,  are  of 
this  nature.  Curious  bunches  of  lead  ore  in  sucli  irregular  cavernous 
spaces,  occur  not  unfrequently  in  the  Carboniferous  Limestone.  One 
that  I  have  examined  with  Mr.  R.  J.  Foot,  a  little  west  of  Tulla  in 
county  Clare,  shewed  an  irregularly  formed  chamber  in  the  limestone, 
apparently  twenty  yards  across  in  some  places,  descending  nearly 
vertically,  and  lined  with  an  immense  deposit  of  calc  spar.  Crystals 
of  galena  seem  to  have  been  deposited  together  with  those  of  calcite, 
especially  towards  the  central  part  of  the  hollow,  and  to  have  been 
more  or  less  completely  worked  out  many  years  ago. 

Several  other  such  casual  deposits  have  been  worked  in  that  neigh- 
bourhood, and  also  in  the  counties  of  Kerry,  Limerick,  Dublin,  and  in 
many  other  places  both  in  Ireland  and  in  Great  Britain. 

Some  of  these  may  possibly  be  connected  with  large  longitudinal 
and  vertical  fissures,  and  may  thus  be  looked  upon  as  enlargements  of 
true  mineral  veins  or  lodes.  Others,  however,  are  certainly  not  so,  but 
mere  local  depositions  of  crystalline  mineral  matter,  spar  or  ore,  in 
caverns  or  cavernous  spaces  which  were  formed  in  the  limestone,  like 
all  other  caverns,  by  the  erosion  of  acidulous  water. 

True  Lodes  or  Mineral  Veins. — A  true  "  lode"  or  mineral  vein  may 
be  described  as  a  large  fissure,  often,  perhaps  always,  a  fault,  in  the 
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open  parts  of  wliich  crystalline  mineral  matter  has  been  deposited.  It 
follows  that  it  is  always  of  long  subsequent  date  to  the  rock  found  on 
each  side  of  it. 

In  veins  or  dykes  of  igneous  rock,  we  have  seen  that  they  are  either 
vehis  of  segregation  with  or  without  fiBSures,  or  veiru  of  injection,  liquid 
matter  having  been  forced  into  fissures,  either  previously  existing  or 
formed  at  the  time  of  injection.  There  is  commonly  in  such  veins  no 
farther  dislocation  of  the  adjacent  rocks  than  will  allow  of  the  intrusion 
of  the  igneous  matter. 

We  have  also  seen  that  in  "  faults"  the  fissure  wiU  probably  be 
closed  in  soft  and  easily  compressible  rocks,  while  in  hard  ones  it  will 
often  stand  open,  either  wholly  or  in  part,  the  walls  or  sides  of  the 
fissure  being  kept  asunder  by  the  knobs  and  protuberances  which 
result  from  the  irregularities  of  its  form. 

It  is  of  course  quite  possible  that  molten  matter  may  gain  access  to 
such  a  fissure,  and  fill  it  up  wdth  a  dyke  or  vein  of  igneous  rock.  If, 
however,  it  be  not  so  filled  up,  it  will  be  ultimately  more  or  less  com- 
pletely filled  with  other  kinds  of  mineral  matter,  and  in  a  different 
way. 

Blocks  and  fragments  of  the  adjacent  rocks  may  fall  into  such  a 
fissure,  and  such  blocks  are  often  found  in  mineral  veins.  K  it  have 
anywhere  any  open  conmiunication  with  the  surface,  different  matters 
may  be  swept  into  it  by  floods  or  springs.  Branches  of  trees,  gravel, 
sand,  and  clay,  and  other  surface  matters,  have  accordingly  been  found 
in  muieral  veins. 

Besides  these  matters,  however,  thus  introduced  by  mechanical 
causes,  many  minerals  have  been  chemically  deposited  in  fissures,  and 
it  is  to  these  chemically-deposited  substances  that  we  look  as  the  true 
contents  of  a  mineral  vein. 

The  nimiber  of  minerals  found  in  such  veins  is  far  greater  than  that 
of  the  minerals  forming  the  principal  constituents  of  rocks,  for  not  only 
are  there  many  earthy  minerals  in  addition  to  quartz  and  carbonate  of 
lime,  such  for  instance  as  fluor  spar,  barytes,  or  heavy  spar,  strontianite 
or  carbonate  of  strontia,  and  others  which  are  generally  called  spars, 
but  various  ores  of  copper,  lead,  tin,  iron,  zinc,  mercury,  antimony, 
silver,  etc.  Some  of  these  metals  sometimes  occur  pure  or  native,  and 
gold  is  always  so  found. 

It  is  to  these  metallic  minerals  that  the  ndner  of  course  chiefly 
looks,  and  he  genendly  speaks  of  the  earthy  minerals,  as  the  gangue, 
nmtrix,  or  vein  stuff  of  the  "  vein"  or  « lode." 

The  mineral  contents  of  a  vein  are  sometimes  confusedly  dispersed 
through  it,  the  "  vein  stuff"  being  either  crystalline  or  amorphous,  and 
the  ore  occurring  either  as  disseminated  crystals  or  neste,  or  as  "  strings" 
or  "ribs."     Sometimes  there  appears  a  regular  arrangement  of  the 


LODES  OB  MINERAL  VEDia 


859 


TarioOB  Babstances,  the  "dteeka"  or  "walls"  of  the  "lode"  being  lined 
wiUi  a  lajer  of  CTTstols  of  one  kind  of  substance,  with  their  points  or 
BpicM  directed  inwards,  each  of  these  lAjeie  being  coreied  by  a  ajatel- 
line  layer  of  another  substance  impressed  by  the  crystals  of  tlie  first, 
and  therefore  evideotly  deposited  upon  it,  and  alter  two  or  three  such 
altenutioiia  a  rib  of  ore  is  found  in  the  centre  (fig.  102). 

In  other  insttuices  the  vein  will  be  filled  with  only  one  kind  of  nib- 
stance,  sometimes  tlie  "  vein  atu^"  sometimea  the  ore. 

8ach  etructures  as  that  in  fig.  IDS  seem  neceseuily  to  involve  th« 
idea  of  snccessive  depositions  of  the  different  coatings  or  linings  of  the 
vein,  the  central  lib  of  ore  being  Qie  last  or  newest. 


a.  Cokting  ot  on«  mini 

b.  Cwtlng  or  1  necond 
e.  Coating  of  Brat  mini 
d.  Rib  of  OK,  u  copiM 

I.  w.  Wills  of  lbs  lode. 


■  third,  uf  aolphata  of  boryt*. 


Assuming,  ho^'ever,  the  vein  to  have  been  filled  with  an  aqueous 
solution  of  these  minerals,  it  is  not  absolutely  necessary  t«  suppose 
them  to  have  been  successively  introduced,  since  all  the  substances  may 
have  been  in  solution  together,  and  circumstances  having  been  favour- 
able at  one  time  to  the  deposition  of  one  substance  and  to  that  of 
another  at  another  time. 

In  some  veins  it  appears  that  after  being  filled  up,  subsequent 
Diovementa  have  taken  place,  causing  fresh  openings,  and  new  deposits 
fif  crystals  have  been  formed  in  theS!  openings.  (See  Oeol,  Rep.  on 
Coniaall,  eic.,  by  Sir  11.  T.  Dela  Beche,  p.  344,)  These  subsequent 
moveiuente  have  oiten  produced  shining  striated  surfaces,  the  effect  of 
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enormous  friction,  which  are  known  as  "  slickensides ;"  but  these  are 
not  confined  to  veins,  since  they  are  found  in  "  faults,"  and  in  broken 
or  contorted  and  fractured  rocks  of  all  kinds,  where  a  grinding  motion 
has  been  communicated  to  different  parts  of  the  rock. 

It  commonly  happens  that  in  a  district  containing  mineral  veins 
two  sets  of  fissures  can  be  observed,  those  of  each  set  being  parallel  to 
each  other,  and  crossing  the  other  set  at  right  angles,  or  nearly  so. 

In  this  case  the  one  set  are  called  the  "right  lodes"  and  the 
other  the  "  cross  courses."  The  two  sets  of  fissures  may  either  be  of 
contemporaneous  origin  or  one  subsequent  to  the  other. 

If  a  mineral  vein  be  inclined  from  the  perpendicular,  and  they  are 
seldom  absolutely  vertical,  and  it  be  traversed  by  any  subsequent 
fissure,  producing  dislocation,  and  therefore  being  a  fault,  it  will  follow 
that  the  first-formed  vein  will  be  thrown  up  or  down  by  the  second, 
just  in  the  same  way  as  if  it  were  a  bed.  Where  it  appears  at  the 
surface,  therefore,  it  will  appear  as  if  it  had  had  a  lateral  shift,  just  in 
the  same  way  as  a  bed  wilL 

If  at  p.  249  fig.  43  a  a  be  a  vein  instead  of  a  bed,  the  explanation 
there  given  of  the  apparently  lateral  movement  of  a  a  will  equally  hold 
good. 

In  studying  the  intersection  of  fissures  or  veins,  however,  there  is  a 
source  of  error  to  be  avoided  which  could  not  arise  in  the  case  of  a  bed 
cut  by  a  fault,  since  it  may  happen  that  the  apparent  shifting  at  the 
surface  may  not  be  due  to  any  dislocation  of  one  vein  by  the  other  at 
alL  They  may  both  have  been  pro- 
duced simultaneously,  one  or  the  other 
not  having  been  continued  exactly  in 
the  same  straight  line.  It  may  happen, 
too,  that,  instead  of  b  1/  having  cut 
through  and  sliifted  a  d  (fig.  103),  b  b' 
may  have  been  the  first  formed,  and 
that  when  a  d  was  subsequently  pro- 
duced, it  ran  along  b  V  for  a  certain 
space  before  it  was  continued  into  the 
"  coxmtry"  on  the  other  side  of  it. 

Great  care,  therefore,  is  necessary 
in    examining    the     intersections     of 
mineral  veins,  before  deciding  on  the  relative  age  or  on  the  exact  nature 
of  the  dislocations  that  have  caused  or  affected  them. 

Where  "lodes"  and  "cross  courses"  occur  together  in  a  district, 
their  contents  are  often  different,  one  kind  of  minerals  being  found  in 
one  and  another  in  the  other.  Where  the  date  of  the  "  cross  course"  is 
newer  than  that  of  the  "  lode,"  which  is  often  the  case,  it  is  easy  to 
imderstand  the  difference   in   their  contents.      When,  however,   the 


Fig.  103. 
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two  Teina  are  coutempoTaneoiu,  as  Bometimes  happens,  it  ia  not  to 
easy. 

Sometimes  tiie  erom  connea  eont«m  no  orea  Ukemaelvea,  bat  the 
parte  of  the  right  lodes  near  the  crow  couraee  ore  foood  to  be  moM 
thATi  uaually  lich. 

Both  in  the  north  and  west  of  England  the  "  right  lodes"  ran  nearly 
east  and  west,  the  "  cross  courses"  nearly  north  and  south. 

Mode  of  Ikpoiitiim  of  llineralt  in  Vtint. — Of  the  Taiions  hypo- 
theses proposed  to  account  for  the  origin  of  the  contents  of  mineral 
vdns,  none  perhaps  ore  altogether  wtiBfactoiy.  Mr.  Were  Fox  called 
attention  to  the  fact  of  currents  of  electricity  baversing  veins,  and  there 
SppeoTB  no  difficulty  in  supposing  that  if  veins  are  filled  with  water 
more  or  less  acidulated  and  impK^nated  with  mineral  solntions,  a  great 
natural  "  electro-plating"  process  may  be  set  up,  by  which  different 
minerals  may  be  deponted  at  different  times  or  in  different  parts  of  the 
walls  of  the  lodes.  Where  the  minerals,  however,  and  especially  the 
metallic  ores,  are  derived  irom,  is  another  question,  whether  directly 
from  original  repositories  below,  or  indirec^y  by  e^;r^ation,  or  by 
solution  in  minnte  particles  from  the  adjacent  rocks.  That  the  fissure 
should  remain  open  for  a  great  and  indefinite  period  of  time,  and  that 
its  sides  should  be  hard  rock,  seem  the  two  essential  conditions,  though 
perhaps  the  latter  may  only  be  necessary  to  ensure  the  former. 

The  mineral  contents  of  veiua  seem  to  be  by  no  means  permanent, 
even  when  complete,  since  cryHtaU  of  minerals  are  often  found  that 
have  not  their  true  form,  but  the  form  of  some  other  mineral ;  the 
originally  deposited  crystal  having  decomposed  and  beea  removed,  and 
the  newer  one  deposited  in  its  place.  Vast  periods  of  time  must  have 
elapsed  for  such  processes  to  have  taken  placa. 

It  must  be  borne  in  mind  {m  ia  shewn  by  Sir  H.  De  la  Beche  in  his 
Beport  on  Cornwall  and  Devon,  chapter  xiL,  and  his  Oeolc^cal  Observer, 
chapter  xxxv.)  that  at  the  time  the  minerals  were  deposited  in  vein* 
those  veins  were  probably  beneath  the  sea,  and  also  that  they  were 
covered  with  a  great  thickness  of  rock  which  has  since  been  removed 
by  denudation.  ITie  parts  that  are  now  worked  were  therefore  mnch 
deeper  in  the  earth  at  the  time  the  minerals  were  deposited,  and  the 
rocks  and  the  water  which  percolated  Chrongh  them  bad  a  mnch  higher 
temperature  than  they  have  had  since  their  denudation.  The  water 
may  even  have  been  in  the  state  of  vaponr.  It  is  clear  that  either  hot 
water  or  steam,  with  or  without  the  assistance  of  electricity,  might  set 
many  chemical  actions  and  reactions  at  work  that  would  be  likely  to 
cause  the  deposition  of  crystalline  minerals.  The  frequent  occurrence 
of  pure  uncombined  silica,  either  as  crystalline  or  amorphous  quarti, 
seems  to  require  the  presence  of  water,  probably  at  a  high  temperature. 

The  eiperimeut  dT  Mr.  Jeffries,  mentioned  at  p.  60,  shews  that  hot 
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water  traversing  the  adjacent  rocks  might  dissolve  some  of  the  silicates 
and  deposit  the  silica  in  an  uncombined  state. 

Another  method  by  which  the  minerals  might  be  brought  from  the 
lower  and  more  intensely  heated  portions  of  the  earth's  crust  is  by 
sublimation.  The  metallic  ores  might  gain  access  to  the  lower  parts  of 
deep  fissures  in  a  state  of  vapour^  and  be  deposited  on  the  walls  of  the 
fissures  as  the  vapour  rose  to  a  cooler  level.  That  this  is  quite  possible 
is  shewn  by  what  takes  place  now  at  smelting  works  and  refineries. 

When  walking  across  the  Allenheads  mining  country  after  the 
meeting  of  the  British  Association  at  Newcastle,  in  the  year  1838,  a 
chimney,  a  mile  long,  built  up  the  side  of  a  hill  near  one  of  Mr. 
Beaimiont's  mills  in  the  coimty  of  Northumberland,  was  pointed  out  to 
me.  It  had  chambers  in  it  at  intervals,  and  it  was  said  that  its  expense 
was  repaid  in  a  few  years  by  the  quantity  of  lead  deposited  in  these 
chambers,  which  woujd  otherwise  have  been  dissipated  in  the  state  of 
vapour  into  the  atmosphere.  It  was  the  noxious  action  of  these  mineral 
vapours  on  the  surrounding  crops  which  first  necessitated  the  erection 
oi  the  chimney. 

As  this  happened  so  many  years  ago,  I  wrote  to  Mr.  Sopwith,  the 
eminent  manager  of  Mr.  Beaumont's  miues,  respecting  it,  and  in  answer 
I  was  informed  by  him  that  formerly  "  large  quantities  of  lead  were 
carried  off  in  the  state  of  vapour  and  deposited  on  the  surrounding 
land,  where  vegetation  was  destroyed,  and  the  health  of  both  men  and 
animals  seriously  affected.  This  led  to  various  extensions  of  the 
horizontal  or  slightly  inclined  galleries  in  use  at  Mr.  Beaumontjs  mines, 
and  the  quantity  of  lead  extracted  rapidly  repaid  the  cost  of  construction. 
Tlie  latest  addition  of  this  kind  was  made  at  Allen  Mill,  and  it  com- 
pleted a  length  of  8789  yards  (nearly  five  miles)  of  stone  gallery  (or 
chimney)  from  that  mill  alone.  This  gallery  is  eight  feet  high  and  six 
feet  wide,  and  is  in  two  divisions  widely  separated  ;  one  being  in  use 
during  such  times  as  the  fume  or  deposit  (a  black  oxide  of  lead)  is  taken 
out  of  the  other.  Tliere  are  also  upwards  of  four  miles  of  ^sdlery  for 
the  same  purpose  connected  with  other  mills  belonging  to  Mr.  Beaumont 
in  the  same  district  and  in  Durham,  and  further  extensions  are  con- 
templated. The  value  of  the  lead  thus  saved  from  being  totally 
dissipated  and  dispersed,  and  obtained  from  w^hat  might  be  called 
chimney  scrapinffs,  considerably  exceeds  ten  thousand  poimds  sterling 
annually.  It  should  be  observed,  however,  that  the  mines  of  which 
these  chimneys  or  flues  are  an  appendage,  are  the  largest  lead  mines  in 
the  world,  and  that  the  royalties  or  freehold  rights  of  mining  belonging 
to  Mr.  Beaumont,  in  the  county  of  Northumberland  alone,  extend  over 
more  than  a  hundred  square  miles,  in  addition  to  extensive  leasehold 
mines  in  the  county  of  Durham." 

The  fact  that  the  metallic  ores  are  more  frequently  combinations 
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\dth  sulplmr,  arsenic,  etc,  than  with  mere  oxygen  or  carbonic  acid,  is 
rather  in  favour  of  their  having  been  sublimed  from  the  interior  of  the 
earth.  In  lodes  containing  copper  it  usually  happens  that  the  upper 
part  or  "back"  of  the  lode  has  been  more  or  less  converted  into 
carbonate  of  copper  (malachite)  and  oxides,  while  the  lower  part  con- 
tains sulphides  or  other  combinations. 

The  hypothesis  of  sublimation,  however,  does  not  agree  very  well 
with  some  facts  that  are  observable  in  some  mineral  veins.  It  happens 
occasionally,  for  instance,  that  the  very  substance  of  the  rock  on  each 
side  of  the  vein  ia  impregnated  with  ore,  little  detached  crystals  of  the 
mineral  occurring  in  the  rock,  or  little  streaks  or  strings  of  ore  spreading 
into  it  without  any  apparent  fissure  for  their  reception.  Sometimes  in 
the  north  of  England  the  limestone  near  a  lead  vein  looks  as  if  made 
up  of  alternate  horizontal  laminae  of  limestone  and  galena,  each  about 
half  an  inch  thick,  the  laminae  of  galena  gradually  thinning  out  as  they 
proceed  into  the  body  of  the  limestone.  It  would  have  been  impossible 
for  the  place  of  these  laminae  of  galena  ever  to  have  existed  as  small 
open  horizontal  fissures,  since  the  laminae  of  limestone  between  them 
would  have  been  destitute  of  any  support,  and  could  not  have  remained 
without  it. 

The  strings  and  laminae  of  the  ore  look  more  as  if  they  were  the 
feeders  of  the  vein  than  as  if  they  had  proceeded  from  it.  One  might 
imagine  them  to  have  been  deposited  in  water  oozing  from  the  mass  of 
the  rock  into  the  vein,  dissolving  the  limestone,  and  leaving  the  lead 
ore  in  its  place,  more  naturally  than  in  any  other  way.  These  hori- 
zontal veins  are  called  "  flats,"  and  they  appear  to  be  sometimes  of  very 
considerable  magnitude,  extending  for  many  yards  into  the  adjacent 
rock. 

Occurrence  of  Oold, — The  great  auriferous  veins  of  white  quartz 
(not  quartz  rock)  which  traverse  the  rocks  of  many  parts  of  Australia 
and  other  countries,  must  almost  certainly  have  been  formed  througli 
the  influence  of  water.  The  gold  is  deposited  in  the  crevices  and 
interstices  of  these  quartz  veins,  and  the  nuggets  sometimes  assimie 
strangely  fantastic  shajKiS,  like  those  taken  by  molten  lead  when  poured 
into  water.  This  has  apparently  led  the  gold  diggers  to  suppose  that 
the  gold  was  in  a  molten  state  when  it  was  deposited  in  the  veins,  a 
supposition  so  highly  improbable  that  it  does  not  need  serious  refuta- 
tion. What  was  the  exact  method  of  its  f(jnnation,  or  what  are  the 
circumstances  which  conduce  to  the  accumulation  of  gold  in  one  locality 
more  than  in  another,  is  not  known  to  any  one.  This,  as  a  i>art  of  the 
whole  problem  of  mineral  veins,  must  await  solution  from  the  futui-e 
researches  of  science.* 

*  Scientific  men  aro  Bomctimes  accused  of  rashly  theorising.     The  accusation  is  not  alto- 
gether devoid  of  foundation,  though  it  may  oftencr  be  brought  with  truth  against  men  who 
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Qold  and  tin  ore  aie  often  found  in  sufficient  quantities  in  the 
''  drift,''  or  the  loose  clays,  sands,  and  gravels  which  coyer  a  countiy,  to 
pay  for  extracting,  them  by  washing.  These  are  called  ^  stream  workB," 
or  ''  washings,*^  or  ''  diggings."  The  superficial  materials  which  coyer 
the  solid  rocks  are  derived  from  the  waste  and  erosion  of  those  rocks,  or 
of  other  rocks  in  the  adjacent  district  The  destruction  of  the  rocks  of 
course  involves  that  of  the  veins  contained  in  them,  and  the  ores  being 
much  heavier  than  the  stony  materials  of  the  rocks  are  removed  to  lesa 
distances  than  the  stony  portions.  Large  portions  of  the  eroded  mate- 
rials being  swept  completely  away,  those  that  remain  are  for  this 
reason  comparatively  very  rich  in  the  metallic  portions — richer,  per- 
haps, than  the  mass  of  the  rocks  were  themselves  originally. 

Nature  has  in  this  case  partially  performed  the  very  action  by 
which  man  artificially  extracts  ore  or  metal  from  the  rocks,  pounded 
them  down  and  washed  the  materials  so  as  to  separate  the  heavier  from 
the  lighter. 

AuocicUwn  of  Minerals  in  Veins.  —  The  association  of  different 
minerals  in  different  veins,  may  some  day  throw  more  light  on  the 
nature  of  the  processes  by  which  they  were  deposited.  Werner,  for 
instance,  says  that  galena  or  lead  glance,  copper  pyrites,  blende,  and 
calamine  frequently  occur  together  ;  as  also  cobalt,  copper,  nickel,  and 
native  bismuth  ;  tin,  wolfram,  tungsten,  molybdena,  and  arsenical 
pyrites,  etc.  It  appears  that  magnetic  iron  (the  emery  of  the  gold 
diggers)  generally  occurs  with  gold.  Silver  also  is  commonly  found  in 
lead  ore,  most  usually  in  such  quantities  as  to  make  its  separation  a 
paying  process.  Recent  experiments  of  Dr.  Percy  shew  us  that  minute 
quantities  of  gold  occur  in  almost  all  lead  ores,  as  well  as  in  all  copper 
and  iron  pyrites. 

Relations  between  contents  of  Vein  and  nature  of  surrounding  Rock, 
— ^The  relation  between  the  contents  of  mineral  veins  and  the  nature 
of  the  rock  which  they  traverse  is  also  important  The  lead  veins  of 
the  north  of  England  traverse  limestones,  sandstones,  and  shales,  and 
their  contents  vary  according  to  the  nature  of  the  substances  which 
form  the  walls  of  different  parts  of  the  "  lodes."  It  is  even  said  that 
the  "  lodes  "  vary  in  contents  in  different  beds  of  limestone,  but  it  doee 

hMYt  only  a  popular  reputation  for  icience,  than  against  those  whose  claims  to  the  title 
•re  recognised  by  their  brethren.  If,  however,  partial  or  imperfect  knowledge  sometiiiMt 
indulges  in  vain  or  hasty  speculation,  it  must  yield  the  palm  in  this  respect  to  blank  igBO- 
nnce.  The  flights  of  men  who  are  unincumbered  by  the  least  particle  of  knowledge  leaye 
far  behind  the  aerial  excursions  of  those  who  are  even  slightly  weighted  with  it  One  gentle- 
man lately  published  a  large  book  on  the  gold  mining  districts  of  Australia,  in  which  h« 
attributed  the  occurrence  of  gold  in  the  drift  of  that  country  to  the  disappearance  of  a 
$oliM4  lava  !  which  had  been  ejected  over  the  whole  country  to  a  depth  of  many  hundred 
feet,  and  had  been  subsequently  melted  away,  and  left  the  particles  of  gold  it  oontdned 
behind  it  r-  « 


IGNEOUS  BOCES  KOT  NECBSSABT.         S66 

not  appear  that  the  richness  of  a  lode  is  constant  for  any  beds  of  limestone. 
When  one  or  both*  walls  consist  of  shale,  the  lode  is  always  poorest,  but 
this  may  be  Uie  result  simply  of  the  greater  contraction  of  the  fissure 
and  the  more  unstable  condition  of  its  walls  when  soft  than  when  they 
are  hard. 

In  Derbyshire  the  lead  veins  (rake  veins  as  the  true  lodes  are  there 
called,  in  contradistinction  to  the  pipe  yeins)  traverse  both  the  Carbon- 
iferous limestone  and  the  contemporaneous  beds  of  igneous  rock  called 
toadstone.  The  very  same  rake  veins  have  been  found  very  produo> 
tive  in  ore  in  the  limestone,  both  above  and  below  the  toadstone,  while 
where  they  traverse  that  rock  they  never  contain  ore  and  rarely  even 
spar.  They  are  indeed  scarcely  at  all  traceable  in  the  toadstone,  the 
walls  of  the  vein  being  close  tc^ther  and  only  marked  occasionally  by 
a  little  string  or  leader  of  spar  of  some  kind. 

The  greenstone  and  ash  being  tougher  rocks  than  the  limestone, 
it  is  probable  that  the  original  fissure  was  leas  open  in  them  than  it 
was  in  the  limestone,  while  it  is  certain  that  water  subsequently  travers- 
ing that  fissure  would  readily  dissolve  its  limestone  walls,  and  thus 
enlai^  the  fissure  between  them,  while  it  would  have  no  such  effect  on 
the  toadstone.  These  facts  are  greatly  against  the  idea  of  the  lead  having 
come  from  below  into  the  part  of  the  vein  above  the  toadstone,  since 
that  bed  is  very  widely  spread  beneath  the  richest  of  the  old  mining 
districts  there.  The  upper  part,  at  least,  then,  of  these  veins  must  either 
have  derived  their  contents  from  above,  or  must  have  extracted  them 
from  the  adjacent  rocks.  But  there  is  no  perceptible  distinction  as  to 
the  abimdance  of  ore,  or  its  mode  of  occurrence  in  the  beds  above  and 
the  beds  below  the  toadstone. 

Fallacious  appearance  of  connection  between  Age  of  Rocky  or  Igneous 
Origin  of  Rocky  and  Occurrence  of  Veins, — ^The  apparent  relation  between 
the  mineral  veins  of  the  British  islands  and  the  age  of  the  rocks  they 
traverse  is  probably  an  accidental  one  only.  Mineral  veins  may  be 
expected  in  all  highly-indurated  aud  greatly  fractured  rocks,  whatever 
may  be  their  geological  date. 

Neither  does  the  connection  between  mineral  veins  and  the  oc- 
currence of  igneous  rocks  appear  to  be  better  founded,  than  on  the  pro- 
bability that  igneous  rocks  will  be  most  likely  to  be  found  in  the  same 
indurated  and  fractured  districts  which  we  have  seen  to  be  essential 
for  the  production  of  mineral  veins.  In  most  of  the  mining  districts  in 
which  igneous  rocks  occur,  large  parts  of  the  igneous  rocks  may  be 
shewn  to  be  of  contemporaneous  date  with  the  stratified  rocks  in  which 
they  lie,  and  even  the  intrusive  masses  and  igneous  veins  and  dykes 
were  almost  always  in  existence  before  the  commencement  of  the  fissures, 
which  have,  some  time  after  their  own  formation,  become  the  reposi- 
tories of  minerals,  and  are  therefore  termed  mineral  veins. 
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Mining  districts,  then,  like  Cornwall,  in  which  the  ^  lodes  "  occur 
among  many  masses  of  igneons  rock,  some  of  which,  more  or  less, 
resemble  the  lodes  in  their  mode  of  occurrence,  are  not  the  best  in  which 
to  study  the  subject  of  the  origin  of  mineral  veins,  since  the  student  is 
apt  to  be  misled  into  the  opinion,  that  the  granites  and  elvans  and 
porphyries  have  an  essential  rather  than  an  accidental  connection  with 
the  lodes.  The  north  of  England,  where  the  rocks  are  of  a  much  simpler 
character,  forms  a  better  type  of  a  mineral  vein  district,  after  observing 
which  the  student  may  examine  the  Cornwall  district,  or  others  re- 
sembling it,  with  less  chance  of  his  being  led  away  by  the  prepossessions 
of  the  miners. 

None.  At  the  Ballycoms  lead  smelUng  works,  near  Dablin,  a  long  diimney  has  lately  been 
carried  up  the  side  of  the  hill  for  a  distance  of  about  a  mile,  the  cost  of  the  constmction 
being  repaid  by  the  lead  regained  from  it,  as  in  the  case  of  Mr.  Beanmont's  mines. 


CHAPTEB   XXIt 
THi  ABx  or  uniKt. 

A  TEW  words  on  diis  aabject  may  perhapa  be  naefoL 

BtdMvway. — In  mming  for  coal,  inmrtone,  nit,  or  other  itnti- 
fied  anbetancee,  tlie  miner  tiae  to  deal  with  matten  which  occur  in 
r^nlai  order,  occapj  a  fixed  and  definite  place  in  a  seriea,  and  which, 
in  Qie  majority  of  inrfj-npjHi^  lie  in  the  gronnd  eithet  hoiixontally  or  at 
but  a  alight  angle  of  "  dip."  Hia  object  in  to  extract  aa  much  of  the 
bed  as  poadble,  and  the  difficnltiefl  he  has  to  contend  with  are — 

Ist,  The  anppoit  of  the  "  roof  of  the  part  immediatelj  adjacent  to 
the  place  where  he  is  working,  and  over  the  galleriea  and  passages 
which  lead  from  the  "  shaft "  to  different  parts  of  the  mine. 

£d,  The  influx  of  water. 

3d,  The  ventilation  of  the  mine,  so  that  the  miners  may  have  suffi- 
cient air  to  breathe. 

4th,  In  the  case  of  coal  mines,  the  foul  gases  which  emanat«  from 
the  coal,  viz^  tite  inflammable  carburetted  hydrc^en  which  he  calls 
"  file  damp "  or  "  sulphur,"  and  the  auffi>catang  carbonic  add  which  he 
calls  "  choice  damp." 

The  roof  is  supported  either  by  leaving  pillani  of  the  bed  which  is 
being  extracted,  or  by  wooden  props,  and  these  are  either  afterwards 
removed,  partially  or  completely,  or  left,  according  as  the  roof  may  be 
"  Bound"  or  "  tender." 

Coal  '"'"'"E  is  generally  conducted  in  one  of  two  ways,  "  the  long 
wall"  method,  or  the  "poet  and  stall "  meUiod.  In  the  former,  the 
miner,  after  readiing  the  extent  of  the  mass  he  is  going  to  get,  works 
back  along  the  whole  width  of  his  coal,  supporting  the  loof  behind  him 
and  over  him  by  woodai  V"^i  of  which  he  removes  the  farther  row  as 
he  proceeds,  and  aUowa  the  roof  to  fall  in  over  the  part  he  has  lefL 
Where  the  toof  is  tough,  this  method  may  be  adopted  widumt  danger, 
and  in  some  cases  the  roof  will  gtadnally  bend  down,  and  the  floor 
gradually  swell  np  so  as  to  meet  it,  and  thus  the  rocks  above  and  below 
the  coal  close  together,  as  if  the  coal  had  never  been  there. 

The  "  post  and  stall,"  or  "  bord  and  pillar "  method,  is  more  com- 
plicated. The  whole  bed  of  coal  being  intersected  by  two  ^sterns  of 
galleries  at  ri^t  angles  to  each  other,  and  being  thus  divided  into. 
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blocks,  each  block  is  ''  got "  separately,  either  pieoe-meal  or  at  once,  so 
that  pillars  and  ribs  of  coal  are  left  in  each  space  till  the  very  last 
These  are  then  finally  removed  if  it  can  be  done  without  danger,  and 
the  deserted  or  "  gotten  "  part  of  the  mine  is  sometimes  shut  off  fiom 
the  rest  either  by  walls  of  rubbish  or  of  brick  regularly  built 

Care  has  always  to  be  taken  to  keep  up  ventilation  by  caiiying  a 
current  of  air  through  every  part  of  the  mine.  For  this  purpose,  there 
are  either  two  shafts,  or  one  shaft  divided  into  two  or  three  compart- 
ments, one  of  which  is  the  "  down-cast,^  or  that  by  which  fresh  air  goes 
down  into  the  mine,  and  the  other  the  **  up-cast,"  or  that  by  which 
the  air  comes  up  out  of  the  mine.  The  air  coming  down  is  carefully 
conducted  along  one  set  of  galleries  or  gate-roads,  and  prevented  from 
having  any  cross  commimication  with  the  other  set,  so  that  it  is  com- 
pelled to  travel  into  every  hole  and  comer  of  the  mine  in  order  to 
arrive  at  the  ''  up-cast "  shaft,  where  fires  are  kept  to  cause  it  to  ascend, 
or  other  contrivances  adopted  for  "  sucking  "  it  out  of  the  mine. 

This  current  is  ordinarily  kept  sufficiently  strong  to  cany  off  any 
foul  gases,  though  a  sudden  escape  of  fire  ^damp  from  some  natural 
reservoirs,  or  from  some  old  workings,  sometimes  produces  fatal  results. 
Too  strong  a  general  current  is  not  always  advisable,  for  in  some  cases 
the  old  rubbish  contains  a  sufficiency  both  of  iron  pyrites  and  coal  for 
the  generation  of  great  heat  by  decomposition,  which  too  strong  a  per- 
petual current  might  fan  into  combustion  and  ''  fire  the  mine." 

Vein  Mining, — In  vein  mining  the  miner  has  to  deal  with  sub- 
stances occurring  very  irregularly,  and  according  to  no  fixed  rule  what- 
ever. The  fissures  themselves,  which  subsequently  became  the  receptacles 
of  the  minerals,  are  mere  accidents  ;  they  are  cracks  in  the  rocks  which, 
even  in  those  cases  where  their  direction  is  more  or  less  fixed,  may  just  as 
well  have  occurred  in  one  place  as  another.  No  amount  of  investigation 
by  either  miner,  or  geologist,  or  any  one  else,  will  enable  any  one  to  tell 
the  exact  spot  in  which  a  mineral  vein  will  occur.  Nothing  but  actually 
seeing  the  lode  itself  will  lead  any  man  to  a  knowledge  of  its  existence.* 

When  the  existence  of  a  fissure  or  vein  is  ascertained,  its  width 
again  is  accidental ;  it  may  be  several  yards  wide  in  one  place,  and  be 
shortly  ''  nipped  *'  to  a  few  inches,  or  to  nothing  at  all,  that  is  to  say, 
the  walls  of  the  fissure  may  suddenly  close  together. 

The  third  accident  is  the  nature  of  its  contents.  A  vein  may  be 
wide  and  regular,  but  its  contents  may  either  be  worthless  spar,  or 
valuable  ore,  or  any  mixture  of  the  two.  A  mass  of  pure  spar  may 
suddenly  begin  to  contain  ore,  and  in  the  course  of  a  fathom  or  two 

*  The  vtudent  maj  safely  set  any  man  down  as  a  pretender  (or  at  least  as  a  self-decdTer) 
who  ventores  to  predict  the  occurrence  of  a  mineral  vein  by  what  are  called  "  Indications,'* 
unless  those  indications  include  the  actual  sight  of  a  lode  or  a  gossany  vein  on  the  back  of 
alode. 
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the  yein  may  become  yeiy  rich.  A  veiy  rich  yein  may  in  the  course  of 
a  fieithom  or  two,  either  laterally  or  in  depth,  lose  all  its  richness,  and 
contain  nothing  but  spar. 

For  these  reasons  vein  mining  is  much  more  uncertain  and  specula- 
tive  than  bed  mining,  and  no  one  should  ever  attempt  it,  or  even  take 
shares  in  a  vein  mining  company  without  being  prepared  for  these  risks. 

Veins  are  usually  much  more  highly  inclined  than  beds,  approxima- 
ting generally  to  the  perpendicular  as  much  as  beds  do  to  the  horizontal* 
They  are  worked  by  means  of  shafts,  and  horizontal  galleries,  one 
principal  drawing  shaft  generally  communicating  with  the  whole  ;  the 
climbing  shafts  by  which  the  miners  reach  the  different  parts  of  the 
mine  being  much  shorter,  and  very  numerous,  communicating  with  the 
different  levels. 

The  difficulties  the  vein  miner  has  to  contend  with  are,  in  some 
cases  keepufg  the  walls  apart  when  the  ore  is  extracted,  and  in  all  cases 
preventing  the  old  rubbish  of  the  upper  workings  from  rushing  down  into 
the  deeper  parts  of  the  mine  where  the  present  workings  are  going  on. 

He  is  not  troubled,  like  the  coal-miner,  with  want  of  ventilation  or 
the  escape  of  foul  gases  from  the  rocks  aroimd  him. 

Having  sunk  a  shaft  so  as  to  cut  the  vein,  if  that  be  at  all  inclined, 
or  sinking  down  along  the  vein  in  many  instances,  he  drives  horizontal 
galleries  along  the  vein  at  different  levels,  generally  at  intervals  of  ten 
fathoms,  so  as  to  have  ten  fathom,  twenty  fathom,  etc,  levels,  and  then 
proceeds  to  cut  away  the  contents  of  the  vein  below  or  above  each  of 
these  levels,  carrying  it  as  it  is  gotten  along  the  level  to  the  drawing 
shaft  Then  building  stages  or  platforms  of  wood  to  contain  the  rub- 
bish, at  intervals,  between  the  levels,  and  to  prevent  that  or  other 
matter  falling  from  one  level  to  another,  he  sinks  the  original  shaft 
lower  and  lower,  continuing  his  galleries  and  cross  cuts,  with  minor 
shafts  communicating  with  them,  and  thus  continues  his  explorations 
sometimes  to  depths  of  as  much  as  half  a  mile. 

This  must,  of  course,  be  taken  as  a  mere  generalized  sketch  of  the 
mode  of  operation.  Works  in  large  mines  are  going  on  simultaneously 
on  many  different  levels,  and  in  different  parts  of  the  mine. 

The  vein  miner  has  one  difficulty  in  common  with  the  bed  miner, 
namely,  the  injQux  of  water. 

In  coal  mines  there  is  usually  one  shaft,  or  one  compartment  of  a 
shaft,  devoted  to  the  pumping  engine.  This  is  placed,  of  course,  on  the 
"  deep  *'  part  of  the  colliery,  or  that  towards  which  the  rest  of  the  bed 
to  be  gotten  dips.  The  water  is  then  pumped  up  by  means  of  a  steam 
engine,  out  of  a  "  sumpf,"  or  hole,  sunk  rather  below  the  bed, 

*  The  student  will  of  course  understand  that  beds  may  occur  at  any  angle  whaterer,  and 
that  some  beds  of  coal  even  are  worked  at  hi^  angles,  as  in  the  south  of  Ireland  and  the 
Belgian  coal-fieldi. 
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In  vein  mines  it  is  more  often  possible  and  profitable  to  drive  an 
"  adit  level,"  or  gallery,  from  some  neighbouring  valley  or  low  gronnd, 
so  as  to  cut  the  vein  below  the  higher  ground  which  it  traverses,  and  so 
drain  all  the  part  above  the  "  adit  leveL"  When  the  deeper  parts  of  the 
mine  are  afterwards  "  unwatered,"  the  water  is  pumped  up  to  the  adit 
level  instead  of  up  to  the  surface. 

Explanation  of  sotne  Mining  Terms, — ^The  following  is  a  brief 
explanation  of  some  mining  terms  which  the  student  may  meet  with  in 
the  course  of  his  researches  : — 

Adit — ^The  gallery  or  level  driven  in  from  some  neighbouring  low  ground 
to  cut  a  vein. 

After-damp  or  Choke-damp — Carbonic  acid  gas,  which  usually  succeeds 
to  an  explosion  of  "  fire-damp  *'  in  a  coal  mine. 

AttU — ^The  refuse  of  the  workings  of  a  vein  mine.  * 

Bach  of  a  lode — The  part  near  the  surface,  or  that  above  the  adit  level, 
generally  more  or  less  affected  by  weather. 

Board,  or  Brow — ^The  gallery  in  a  coal  mine  which  is  cut  across  the  "  face  " 
of  the  coal. 

Brattice — ^A  wall  of  timber  or  brick,  either  dividing  a  shaft  into  com- 
partments, or  erected  across  a  gallery  either  temporarily  or  pei^ 
manently. 

Buddie — a  trough  for  washing  pounded  ore,  and  separating  it  from  the 
gangue. 

Costeaning — Sinking  shallow  pits  at  intervals  down  to  the  solid  rock, 
and  then  driving  headings  at  right  angles  to  the  general  course  of 
the  veins  in  a  country,  for  the  purpose  of  discovering  ore. 

Counter y  Contra ,  or  Caunter  Lode — ^A  lode  cutting  a  "right  lode"  obliquely 
between  it  and  the  cross  course. 

Country  or  Graund — ^The  mass  of  rock  through  which  a  vein  runs. 

CroM  Course — ^A  lode  more  or  less  nearly  at  right  angles  to  the  main,  or 
right  running  lodes  of  a  district. 

Beads — ^The  rubbish  left  behind  in  working  a  vein  mine. 

Fire-damp — Carburetted  hydrogen  gas,  which,  when  mixed  with  a  cer- 
tain proportion  of  air,  becomes  explosive  on  the  application  of 
flame.  In  some  coal-fields  it  is  called  sulphur.  A  mixture  of 
seven  volumes  of  air  to  one  of  fire-damp  is  the  most  explosive  com- 
pound ;  when  the  proportions  vary  considerably  either  above  or 
below  that  of  7  : 1  the  mixture  is  not  explosive. 

Flucan — ^A  vein  or  seam  of  clay,  or  any  impure  argillaceous  substance 
occurring  in  a  vein. 

Foot  Wall — The  under  wall  of  an  inclined  vein. 

OangiLe — ^The  matrix  of  the  ore  in  a  vein. 

Oate-road — ^A  gallery  driven  along  the  "face"  of  the  coal,  a  main 
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passage  or  road  in  a  mine.  Gate  literally  means  that  throngh  or 
along  whicli  you  go.  In  many  towns  l^e  old  streets  are  called 
gates^  not  because  they  lead  to  what  we  should  now  call  the  gates 
of  a  town,  but  because  they  were  the  places  for  gomg  along.  A 
gate  is  properly  a  passage,  not  that  which  stops  it 

Ooafy  or  Gob-— The  more  or  less  empty  space  left  by  the  extraction  of  a 
seam  of  coaL 

Gobbin — ^The  refuse  fragments  left  in  working  a  coal  mine,  often  piled 
up  to  support  the  roof  in  the  part  worked  out 

Oosian — ^A  brown  ochrey  substance,  often  found  at  the  surface  part  of 
a  lode  ;  it  consists  of  oxide  of  iron,  often  in  a  powdery  state,  like 
ordinaiy  iron  rust,  coating  quartz,  or  other  substances  in  the  vein. 

Hade — ^The  dip  of  a  vein  or  fault 

Hanging  ffaZ^-— The  upper  wall  of  an  inclined  vein,  or  that  which 
hangs  over  the  miner's  head. 

Heading — ^A  small  gallery  driven  in  advance  of  a  gate  road,  or  for  any 
temporary  purpose. 

Holing — Cutting  under  a  bed  of  coal  for  a  certain  distance,  so  as  to 
deprive  it  of  support,  and  allow  of  its  falling  down  when  cut  away 
at  the  sides,  or  when  wedges  are  driven  in  at  the  roof. 

Horse — Commonly  applied  by  vein  miners  to  any  large  detached  mass 
of  rock  occurring  in  a  vein,  or  lying  between  two  branches  of  a 
vein  :  by  colliers  to  any  mass  of  rock  occurring  in  the  coal. 

Jackey  or  Jackhead  Pit — ^A  small  shaft  sunk  in  a  coal  mine  for  any 
temporary  purpose. 

Killas — ^The  Cornish  term  for  clay  slate,  especially  when  fragile  and 
easily  breaking  into  small  fragments. 

Leader — ^A  string  or  small  vein  which  leads  to  the  main  vein,  or  is  sup- 
posed to  do  so. 

Peach — Any  soft  green  chloritic-looking  substance  in  a  vein. 

Pitch — ^A  portion  of  a  vein  prepared  and  set  apart  for  working. 

Pit  eye — Coal  left  surrounding  the  bottom  of  a  shaft,  so  as  to  prevent 
the  rocks  about  it  or  the  shaft  itself  being  shaken. 

Prian — A  Cornish  term  for  soft  white  clay  in  a  vein,  which  is  sup- 
posed to  be  a  good  indication  of  ore. 

Shoadsto7ieg — ^Fragments  of  ore  found  in  a  stream  below  where  it 
crosses  a  vein  ;  shoading  is  searching  for  these  stones  in  order  to 
find  the  vein.  Sometimes  the  stream  may  be  banked  up  so  as 
to  make  a  small  lake  or  pond,  which  is  then  suddenly  let  loose 
in  order  to  wash  the  bed  of  the  stream  bare,  and  disclose  any 
veins  or  lodes  that  may  cross  it. 

Stemples — In  Derbyshire,  the  shafts  of  the  vein  mines  are  often  as- 
cended and  descended,  not  by  ladders,  but  by  pieces  of  wood,  called 
stempleSy  fixed  in  the  side  of  the  shaft 
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Stope,  or  Step — ^The  parts  of  a  vem  in  work  ;  one  set  of  men  having 
proceeded,  another  set  follow  them  and  excavate  the  next  step 
above  or  below  the  first,  according  as  the  slopes  are  werhand  or 
underhand.  Overhand  stopes  are  those  where  the  miners  excavate 
the  stuff  above  a  level  by  successive  steps  upwards,  building  stages 
as  they  proceed  in  order  to  catch  the  stuff  as  it  ffidls.  Underhand 
stopes  are  those  in  which  they  dig  down  below  a  level  in  succes- 
sive steps,  likewise  erecting  stages  as  they  proceed,  and  leaving  or 
making  a  permanent  roof  or  covering  to  the  level  below. 

Stowoes — ^In  the  part  of  Derbyshire  known  as  the  King's  Field,  any  man 
who  can  discover  a  vein  has  by  ancient  law  the  right  to  work  it 
He  makes  his  claim  by  fixing  up  a  windlass,  or  a  small  wooden 
model  or  imitation  of  a  windlass,  called  a  sStawce,  which,  if  not  re- 
moved by  the  lord  of  the  soil  within  a  certain  short  time,  makes 
him  owner  of  the  mine. 

Tamping — ^A  term  used  in  blasting  either  in  a  mine,  or  a  quany,  to 
signify  the  clay,  sand,  or  rubbish  rammed  down  on  the  powder  in 
a  bore  hole,  for  the  purpose  of  preventing  the  powder  from  being 
merely  blown  out  of  the  hole  as  from  a  gun,  and  compelling  it 
to  burst  the  rock  in  which  it  has  been  drilled. 

Tributers — ^A  Cormsh  term  for  men  who  undertake  to  get  a  certain 
^  pitch  **  of  a  vein  for  a  per  centage  of  the  profits,  varying  perhaps 
from  a  quarter  to  three  quarters,  according  to  the  richness  or  poor- 
ness of  the  vein. 

Twbhing — In  sinking  a  shaft  for  a  coal-nune,  if  a  soft  incoherent  bed 
be  met  with,  or  if  a  great  influx  of  water  occur  in  any  beds,  iron 
cylinders  are  biiilt  into  the  shaft,  to  prevent  either  the  inco- 
herent matter  or  the  water  from  falling  into  the  mine  below. 

Tutmen — ^A  Cormsh  term  for  miners  who  excavate  any  matter,  either 
rock  or  vein  stuff,  at  so  much  a  fathom  or  so  much  a  ton — those 
who  work  by  piece-work. 

Underlie — ^The  inclination  or  dip  of  a  vein  or  fault 

Vtu^ — ^An  occasional  cavity  or  hole  in  a  vein. 

Wheal — In  Cornwall,  mines  are  often  called  Wheals,  a  way  of  spelling 
the  old  Cornish  name  Huel,  a  mine. 

Wi^ze — In  a  vein  mine  what  a  jackey  pit  is  in  a  coal-mine :  a  shaft  not 
sunk  from  the  surface,  but  in  the  mine,  to  communicate  between 
the  different  levels.  In  a  large  vein  mine,  however,  they  are 
numerous  and  necessary  parts  of  the  workings. 
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Dejimtum, — PalcBontology  is  the  study  of  "  fossils."  The  old 
geologists  used  to  include  minerals  or  any  other  distinct  bodies  that 
were  found  in  rocks  under  the  term  of  fossils.  By  "  a  fossil,"  however, 
is  now  meant  the  body,  or  any  portion  of  the  body,  of  an  animal  or 
plant  buried  in  the  earth  by  natural  causes,  or  any  recognisable  im- 
pression or  trace  of  such  a  body  or  part  of  a  body.*  "  Fossils,"  then, 
are  "  organic  remains,"  including  under  the  word  "  remains,"  even  foot- 
prints, or  other  such  seemingly  transient  impressions,  which  circum- 
stances have  rendered  permanent.  MM.  D'Orbigny  and  Pictet  intro- 
duce into  their  definitions  of  the  word  "  fossil,"  the  time  when  and 
the  circumstances  under  which  this  burial  took  place.  It  appears  to 
me  that  this  is  not  necessary.  Nobody  would  say  that  shellB  lately 
thrown  up  on  the  beach,  and  covered  with  sand,  were  buried  in  the 
earth,  while  every  accumulation  of  shells,  or  bones,  or  plants  which 
could  be  said  to  be  buried  in  the  earth  by  any  other  than  human  agen(^, 
even  if  that  burial  took  place  last  year,  would  be  well  worthy  of  the 
attention  of  the  Palaeontologist,  and  might  be,  without  impropriety, 
spoken  of  as  fossil  Here,  as  elsewhere,  no  hard  line  can  be  drawn  be- 
tween the  present  and  the  past  All  such  terms,  then,  as  sub-fossil 
which  we  sometimes  meet  with,  are  inconvenient  and  unnecessary. 

Neither  can  wo  include  in  a  definition  of  a  "  fossil,"  any  reference 
to  its  present  state.  Some  fossil  shells  found  in  comparatively  old 
rocks,  such  as  the  soft  compact  clays  of  the  oolitic  series,  are  in  fact  less 
altered  from  their  living  state  than  many  shells  included  in  recent  coral 
reefs.     Wood  again  may  be  found  in  such  rocks  still  soft  and  but  little 

*  See  Lyell'f  Elementa,  fifth  edition,  p.  4. 
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altered,  while  in  mucli  more  recent  formations,  it  is  often  entirely 
mineralized  and  converted  either  into  flint  or  into  coaL 

Petrifaction, — ^Any  substances  firmly  buried  in  pure  clay,  not  im- 
pregnated by  any  active  mineralizing  agent,  and  kept  from  the  presence 
of  air  or  water,  may  remain  imaltered  for  an  almost  indefinite  period. 

In  the  majority  of  instances,  however,  the  enclosing  rock  has  either 
itself  contained  some  active  substance,  or  has  given  passage  to  fluids 
that  have  contained  one  ;  or  again,  the  constituents  of  the  enclosed  body 
itself  have  acted  on  each  other,  or  on  the  suiTounding  rock,  and  thus 
the  fossil  has  become  more  or  less  mineralized  or  petrijled,  as  it  is  called. 
We  have  seen  previously  (p.  159,  e^  seq.)  that  rocks  themselves  undergo 
great  alteration  in  their  internal  structure  in  the  course  of  time,  and 
that  minerals  are  changed  or  metamorphosed  in  situ  from  one  into 
another  by  the  gradual  action  of  chemical  laws.  Fragments  of  animals 
and  plants,  dead,  and  therefore  subject  to  the  inorganic  and  not  to  the 
organic  laws  of  existence,  to  the  mineral  laws,  as  they  might  be  called, 
and  not  to  the  laws  of  life,  must  of  course  be  subject  to  the  same  actions 
as  the  mineral  constituents  of  rocks. 

The  hard  parts  of  animals,  especially  such  as  bones,  shells,  crusts, 
and  corals,  are  composed  principally  of  those  mineral  substances  (salts 
of  lime,  etc.)  which  are  most  easily  acted  on  by  the  most  frequently 
occurring  cheuiical  processes.  In  breaking  open  fragments  of  coral  lying 
on  a  coral  reef,  the  internal  parts  are  very  frequently  foimd  to  be  filled 
with  a  mass  of  crystalline  carbonate  of  lime,  obliterating  or  obscuring 
the  organic  structure.  When  shells  or  corals  are  embedded  in  rock 
percolated  by  water,  it  is  almost  impossible  for  them  to  escape  that 
X)artial  re-arrangement  of  their  particles  which  shall  give  them  an 
internal  crystalline  structure. 

It  has  been  previously  stated,  p.  160,  that  petrifaction  may  take 
place  in  two  ways,  which  we  may  call  petrifaction  by  alteration,  and 
petrifaction  hy  replacement. 

K  the  constituent  particles  of  a  body  assume  a  crystalline  instead  of 
an  organic  arrangement,  whether  that  change  be  or  be  not  accompanied 
by  a  change  in  the  proportions  of  those  constituents,  or  even  by  the 
entire  abstraction  of  one  or  two  of  those  which  are  only  in  small  pro- 
portion, we  may  call  it  petrifaction  hy  alteration. 

If,  on  the  other  hand,  the  change  be  a  total  one,  or  nearly  so,  so 
that  the  whole,  or  nearly  the  whole,  of  the  constituents  of  the  body  are 
removed  and  replaced  by  other  substances  of  a  different  nature,  then  it 
may  be  called  petrifactimi  hy  replacement, 

A  calcareous  shell  may  be  changed  into  crystalline  limestone  by  the 
first  kind  of  petrifaction,  or  converted  into  a  flint  or  iron  pyrites  shell 
by  the  second.  Wood  may  be  changed  into  coal  by  the  first,  or  into 
opal  by  the  second. 
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Still,  as  this  conyeisioii  is  a  molecular  one,  taking  place  only  in  the 
ultimate  particles  of  the  substances,  which  are  of  inconceivable  minute- 
ness, the  organic  structure  is  often  perfectly  preserved  during  even  re- 
placement petrifaction,  the  little  internal  pores  or  cells  retaining  their 
form  so  completely  as  to  be  recognised  by  the  microscope,  even  in  the 
minutest  fragment  of  the  fossiL  It  is  as  if  a  house  were  gradually 
rebuilt,  brick  by  brick,  or  stone  by  stone,  a  brick  or  a  stone  of  a  different 
kind  having  been  substituted  for  each  of  the  former  ones,  the  shape  and 
size  of  the  house,  the  form  and  arrangement  of  its  rooms,  passages,  and 
closets,  and  even  the  number  and  shape  of  the  bricks  and  stones  re- 
maining imaltered.  The  hollow  spaces,  however,  in  the  interior  of  a 
fossil,  are  usually  filled  up  either  by  the  substance  of  the  rock  in  which 
it  lies,  which  has  gained  access  to  the  interior  through  natural  openings, 
or  accidental  fractures,  or  else  by  ciystalline  minerals,  such  as  carbonate 
of  lime,  which  have  percolated  through  the  pores  of  the  walls  surrounding 
the  hollow  spaces,  just  as  they  do  into  any  other  cavities  in  rocks. 

It  sometimes  also  happens  that  the  substance  of  the  fossil  has  been 
altogether  removed,  and  merely  its  "  mould"  or  impression  left  in  the 
rock  that  enclosed  it.  This  mould  or  external  cast,  in  some  instances 
when  the  original  body  was  a  hollow  one,  also  encloses  an  internal  cast 
consisting  of  the  matter  which  gained  access  to  the  interior  of  the  fossil. 

Sometimes  the  fossil  is  very  distinct,  and  can  be  completely  detached 
from  the  matrix  or  rock  in  which  it  is  enclosed.  Sometimes,  on  the 
other  hand,  it  is  so  intimately  united  with  the  matrix,  and  so  blended 
^nth  the  substance  of  the  rock,  that  we  can  only  observe  a  section  of  it 
when  tlie  rock  is  broken  open.  Sometimes  the  fractured  surface  of  the 
rock  must  be  polished  before  we  can  distinguish  the  structure  or  even 
the  outline  of  the  fossil. 

Classification  of  the  Animal  and  VegetahU  Kingdoms. — It  is 
obvious  that  we  must  have  some  knowledge  of  existing  animals  and 
plants,  in  order  rightly  to  understand  the  fEicts  of  palajontology.  Fossil 
animals  and  plants  are  either  of  the  same  species  as  those  now  living, 
or  of  different  species.  In  order  to  ascertain  which  of  these  is  true,  we 
must  necessarily  know  the  living  species  when  we  see  them.  Whether 
the  species  of  fossils  be  living  or  extinct,  in  order  to  draw  any  con- 
clusions respecting  them,  as  to  the  place  where  they  lived,  for  instance, 
and  the  circumstances  under  which  they  were  buried,  we  ought  to  know 
the  habits  of  the  living  species  with  which  they  are  identical,  or  to 
which  they  are  most  nearly  allied. 

No  man  can  become  a  palaeontologist  who  is  not  also  a  biologist 
(botanist  and  zoologist)  ;  and  no  man  can  become  a  thorough  zoologist 
who  has  not  had  that  early  training  in  anatomy  which  falls  to  the  lot 
of  the  meilical  student  only.  To  become  a  thorough  palseontologist, 
then,  a  man  must  have  what  is  called  a  medical  education.      Many 
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altertnl,  while  in  much  more  recent  fomi 
mineralized  and  converted  either  into  flint  • « 

Petrifaction. — ^Any  substances  firmly  Ijh 
predated  by  any  active  mineralizing  agent . 
of  air  or  wat^r,  may  remain  unaltered  for  m 

In  the  majority  of  instances,  however,  i  ■ 
itself  contained  some  active  substance,  oi- 
tliat  have  contained  one  ;  or  again,  the  C(>i< 
itself  have  acted  on  each  other,  or  on  tli 
the  fossil  has  become  more  or  less  mincrti] 
We  liave  seen  previously  (p.  169,  et  so/.  ■ 
great  alteration  in  their  internal  striii : 
that  minenUs  arc  changed  or  mctaim 
another  by  the  gradual  action  of  cheini< 
and  plants,  dead,  and  therefore  subject  ' 
organic  laws  of  existence,  to  the  minu- 
and  not  to  the  laws  of  life,  must  of  cor 
as  the  mineral  constituents  of  rocks. 

The  hard  parts  of  animals,  espiM  > 
and  coitils,  arc  composed  principally 
of  lime,  etc.)  which  are  most  ea«il.\ 
occuning  chemical  processes.    In  br< 
on  a  coral  reef,  the  internal  parts  ai 
with  a  mass  of  cr^'stalline  carbon:*-; 
the  oigiiiiic  structure.     When  ah 
percolated  by  water,  it  is  alml>^t 
partial  re-arrangement  of  theii- 
intermil  cr}'stallino  structure. 

It  has  been  previously  t?t.:' 
place  in  two  ways,  which  we 
2)etnfaction  hy  rtplactmient. 

11  the  constituent  partich  - 
an  organic  arrangement,  whci ' 
by  a  change  in  the  projmrt  i 
entire  abstraction  of  one  oi 
portion,  we  may  call  it  ^/;" 

If,  on  the  other  hainl, 
tliat  the  whole,  or  nearly  \  \ 
removed  and  replaced  by  ■ 
may  be  called  petrifaction 

A  calcareous  shell  niM^ 
first  kind  of  petrifaction, 
by  the  second.     Wood  i- 
opal  by  the  second. 
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AKIMAL  KINGDOM. 


-IBOPTERA. 

-titdei  1.  Iiisectivota 

2.  Frugivora 
-■aEcrrvoKA    . 


Bat,  vampyre. 
Flying  io\. 
Hedgehog,  ahrew,  ni 
Bat,  hare,  squirrel,  i 


r      3. 

Toxodontia  ()), 

PROBOaO[DEi  . 
PERISaOBAtTTLA 
AHTlODAOTtLA  . 
CSTACflA. 


Sloth,  armadillo,  ant-enter. 


Manatee,  dugong- 

Toxodm. 

Elephant,  mastodon. 

Horse,  rhiBOceros,  tapir,  hyiai. 

Pig,  hipi>opotamiw,  camel,  oi. 

Whale,  porpo>B«' 

Lion,  dog,  bear,  seal. 


Sub-clasa. — Imflacentalia. 

■   Maebcpialia  .  .     Kangaroo,  opoaauni. 

DasyuruB,  etc 

.  KoNtyiHKMATA  .         .     Echidna,  omithorhynchus, 

;jot%he  ortsM  groupcrt  undtr  auA  slUaBco,  and  thoit  eoiopiniUvii  OirtinclnMi 


Class  II.— AVES. 

Eagle,  hawk,  vulture,  owl. 

Woodpectev,  cuckoo,  parrot. 

Sparrow,  lark,  crow. 

Kgeon. 

Pheawnt,  fowl,  tnrkey,  grooBe. 

OBtrich,  emu,  casBowaiy,  apteryx. 

Crane,  heron,  plover. 

Duck,  albatroM,  (-""  ' 

»dtor.p«t)ciilK-I™>|w«>.«ndirhen   faa  Unt  It  m.  I  momiw"!  *"  W  Um  «•  tl*  proof- 
bMH  for  oomctton.      Dafortiuuieiy^  thlL  SiVs^rtTho  w«  in  B«lt»rUnd,  mftm 

pMt jnerloiu  delny,  ""f  "'^"  "fKont  t^JZ^.K..  tti*  d.Ui  mWt  not  b.  ™p«t«d,  "1 


■i-  I,  Hap  tores 
H.  Scansores 
IIL     Pttsserea 

TV.  Colnmbtt 

T.  GalliiuB  . 

vi.  Otuvores 

VH.  GmU»  . 
ynx  Pfclmipftdes 


^.  X-.*    mi-  Liassiiu-atiun  ui   tl 

doms  as  sliall  stTve  to  '/wc  liim  an  idea  < 
kiiigduins,  Ixjtli  living  and  fns>il. 

The  auiinal  kingduiu  was  divided  by  C 
Vertebrata,  Mollusca,    Articulata,   BadiaU 
however,  divided  it  into  five,  splitting  the 
xangmg  aome  of  its  constituents. 

The  following  classification  is  one  supp 
ooUeagae  Professor  Huxley.*     In  perosic 
himself  against  taking  its  arrangement  a£ 
highest  animals  are  doubtless  placed  first  and 
of  subordination  runs  throughout ;  but  it 
accurately  in  detail,  since  many  of  the  ord 
by  side,  or  still  more  properly,  in  circles, 
their  mutual  relations.    Those  orders  and 
extinct  are  printed  in  italics. 

KINGDOM  ANIN 

aUB-KINGDOM   VER 

PBOVnrCE  I— ABRAl 

Class  L— MAMMA] 

Sub-class. — PLACENTi 

AlUtmoe  I. 
Order  L     Pbdcatbb. 


AKIMAL  EINODOH. 
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Older  IL    Cheiroptera. 

Sub-order  1.  Insectivora 
S.  Frugivora 
Older  nL    iNSEcnyoRA    . 
Orderly,    Bodshtia 

AlUance  S. 
Order  Y.      Edentata 

AlUance  3. 
Order  YL    Sirenia 

„     Vn.    Taxodontia  (?). 

„      YIIL  PROB06GIDEA      . 

^  IX.  Perissodagttla 
X.  Artiodactyla  . 
XL    Cetaoea. 


9f 


Alliance  4. 
Order  XIL  Carnivora 


Bat,  yampyre, 
.    Hying  fox. 
.     Hedgehog,  shrew,  mole. 

Rat)  hare,  squiirel,  etc. 

Sloth,  armadillo,  ant-eater. 

.     Manatee,  dugong. 

.    To:codon, 

.    Elephant,  mastodon. 

Horse,  rhinoceros,  tapir,  hyrax. 
.  Pig,  hippopotamus,  camel,  oz. 
.     Whale,  porpoise. 

.     lion,  dog,  bear,  seaL 


Sub-class. — Imflacentalia. 
Alliance  5. 
Order  XUL  Marsufialia  . 


Alliance  6. 
Order  XIV.  Monotremata 


.     Kangaroo,  opossum. 
Dasyurus,  etc. 

.     Echidna,  omithorhynchus. 


KoTB.  No  linear  arrangement  can  be  expected  to  be  natural,  but  it  is  believed  that  the 
elow  affinity  of  the  orders  grouped  under  each  aUiance,  and  their  comparative  distinctneM 
from  those  placed  in  other  alliances  cannot  be  disputed. 


Class  IL — ^AVES. 

Eagle,  hawk,  vulture,  owl. 

Woodpecker,  cuckoo,  parrot 

Sparrow,  lark,  crow. 

Pigeon, 

Pheasant,  fowl,  turkey,  grouse. 

Ostrich,  emu,  cassowary,  apteryx. 

Crane,  heron,  plover. 

Duck,  albatross,  gull,  penguin. 

and  for  a  particular  purpose,  and  when  he  lent  it  me,  I  promised  to  let  him  see  the  proof- 
■heeta  for  correction.  Unfortunately,  these  came  to  me  wlien  he  was  in  Switzerland,  after 
great  previous  dehiy,  and  with  an  urgent  request  that  the  delay  might  not  be  repeated,  and 
they  were  therefore  printed  off  without  his  revision.  For  this  edition  Professor  Huxley  has 
been  kind  enough  to  supply  me  with  a  new  classification,  which  embodies  what  he  believes 
to  be  the  moet  truatworthyiK)nclnsions  of  investigators  into  this  subject 
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Order  L 

Raptores 

f9 

n. 

Sctuisores 

99 

in. 

Passeres 

n 

IV. 

Columbse 

n 

V. 

Gkdlinae  . 

99 

VL 

Cursores 

n 

VTT. 

GrallsB    . 

n 

Vm.  Pahnipedes      . 

ars 
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Class 

Order  L 

Crocodilia 

)) 

n. 

Lacertdlia 

III. 

IV. 

Ophidia 
Ohelonia 

1 

» 

V. 

Dinomuria 

• 

9f 

VL 

Fterosauria 

• 

VIL  Sauropterygia 
Vin.  Ichthyopterygk 

• 

1 

m.— REPTILIA. 

.     Crocodile,  alligator,  gaviaL 

Monitor,  cbamnleon,  blindworm. 
Python,  rattlesnake,  viper. 

.     Turtle,  tortoise. 

.     Iguanodon,  megdlomurus. 

.     Fterodacti/luSy  rhamphorhynckus, 

.     PUsiomurus. 

.     Ichtkyosaunu, 


TBXmSC^  n.— BBANCHIATA. 

Class  IV.— AMPHIBIA. 


Order  1.  Batraehia    . 
„     2.  Saurobatrachia 
„     3.  Ophiomorpha 

n 


Frog,  toad. 

Salamander,  menopoma,  proteos. 

Ceecilia. 

MastodonsaurtUy  arckegoMurus, 


Order  1.  Dipnoi 

2.  Elasmobranchii 


n 


99 
V 

J* 


4.  Lahyrinthodatita  . 

Class  V.— PISCES,  nearly  after  Mtiller. 

.     Lepidosiren. 

{Sharks  and  rays,  or  what  are  com- 
monly  called    cartilaginoiis    fish, 
minus    the    Qanoids,      Marsipo- 
branchs,  and  Pharyngobranchs. 
{Sturgeon,  lepidosteus,  amia,  polyp- 
terus. 
{Perch,  cod,  salmon,  and  ordinary  os- 
seous fish. 
Lamprey  and  Hag. 
Amphioxus. 


3.  Ganoidei 

4.  Teleostei 


5.  Marsipobranchii  . 

6.  Pharyngobranchii  * 


SUB-KINGDOM  ANNUL08A. 
PROTIHCE  L— ABTICTJLATA  or  AfiTHBOPOSA. 


Class  L—INSECTA. 


Order  1.  Hymenoptera 
„     2.  ColeoptCTa  . 


Saw-fly,  ichneimion,  bee. 
Beetles. 


*  Agassiz  antuiges  the  fish  into  four  orders,  accordUDg  to  the  stmcture  of  the  scales ; 
1.  Placoids,  which  includes  the  Elasmobranchii,  and  some  others ;  S.  Ganoids,  which  cor- 
respond to  No.  8,  and  some  others ;  8.  Ctenoids,  and  4.  Cycloids,  which  together  nearly  cor- 
renpond  with  the  fouith  order,  the  TeleosteL 
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Order  3.  Neuroptera 

4.  Strepsiptera 

5.  Lepidoptera 

6.  Dipteia 

7.  Orthoptera. 

8.  Hemiptera 

9.  Aptera 


» 


» 


n 


99 


99 


Dragon-fly,  white  ant 

Stylops. 

Butterfly,  moth. 

Houfie-fly. 

Cricket,  locust,  earwig. 

Bug,  cicada,  aphis. 

Flea. 


Order  1.  Chilopoda  . 
„     2.  Chilognatha 


Class  H— MYRIAPODA 

.     Centipede. 
Millipede. 


Class  IH— ARACHNIDA. 


Order  1.  Pulmonata . 

2.  Amphipneusta 

3.  Trachearia  . 

4.  Pycnogonida  ? 


99 


Scorpion. 
Spiders. 
Acarus. 
Pycnogonum. 


Class  IV.— CRUSTACEA 


Order  1.  Podophthalmia 

2.  Stomapoda 

3.  Edriophthalmia 

4.  Branchiopoda 

5.  Copepoda   . 

6.  Ostracoda    . 

7.  Cirripedia  . 

8.  Xiphosura  . 

9.  TrihUta     . 
10.  Ewrypienda 


» 


» 


99 


99 


J» 


» 


» 


» 


Lobster,  crab. 

Squilla. 

Isopods,  amplnpods,  Isemodipods. 

Daphnia,  apus. 

Cyclops,  suctorial  crustaceu. 

Cythere,  cypris. 

Barnacles. 

King-crab. 

Trilohites. 

EurypteruSy  pterygotus. 


PEOTIHCE  II.— ANNTJLATA. 


Order  1.  Polycha)ta  . 

2.  Gephyrea    . 

3.  Oligochoeta . 

4.  Discophora 

5.  Tardigrada  ? 

6.  Sagittida?  . 


» 


» 
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» 


Class  V.— ANNELIDA. 


Nereis,  serpula,  lob-worm. 

Echiurus,  Sipunculus. 

Earth-worm. 

Leech. 

Arctiscon, 

Sagitta. 
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PBOVnrCE  m.— AHVTTLOISA. 

Class  VL—SCOLECIDA. 


Order  1.  Trematoda  . 

2.  Tseniada 

3.  Acanthocephala 

4.  Nematoidea 

5.  Qordiacea   • 

6.  Torbellaiia 

7.  Rotifera 


ft 


Fluke. 

Tape-worm. 

Echinorhynchus. 

Thread-worm. 

Hair-worm. 

Planaria. 

Rotifer,  bracHionus,  lacinidaria. 


Class  VIL— ECHINODERMATA. 


Order  1.  Holothnridea 

2.  Echinidea   . 

3.  Ophiuridea. 

4.  Afiteridea    . 

5.  Crinoidea    . 

6.  Blastoidfa  . 

7.  Cystidea 

8.  Edrioasterida 


n 
n 

n 


Sea-cacumbers,  trepang. 

Searurchins. 

Sand-stars. 

Star-fish. 

Feather-star,  stone-lily. 

PeiitremUeB, 

Cfyptocrinus,  ApiocyitiUs, 

Agelacrinites. 


SUB-KINGDOM  MOLLUSC  A. 

PBOVnrCE  L— OSONTOPHOBA. 
Class  L— CEPHALOPODA. 

Order.  1.  Dibranchiata 


19 


{Squid,  argonaut,  ponlpe,  cattle  fishes, 
helemnite. 
2.  Tetrabranchiata  .         .     Nautilus,  ammonite. 


Class  H.— PTEROPODA. 

Order  1.  Thecosomata       .         .     Hyabea,  creseis  (dentalium  f) 
„     2.  Oymnosomata     .         *     CUo,  pneumodermon. 

Class  HL— PULMONATA. 
Order  1.  Inoperculata        .         .     Helix,  limax. 
„     2.  Operculata.         .         .     Cyclostoma. 

Class  IV.— GASTEROPODA  DIOECIA 

Order  1.  Ftetinibranchiata  .    Whelk,  periwinkle. 

„     2.  Scutibranchiata  .  Haliotis  (eaiHshell). 

„     3.  Tubulibranchiata  Vermetus. 

„     4.  *  Cyclobranchiata  .    Limpet,  chiton. 

*  TbeM  four  oideri  are  Qawkt^u.    Tbey  us  aitiflekl,  and  antt  be  lodkid  vpoa  •■  pro- 
▼irtoMl,  mtfl  tte  qefteropoda  are  more  thewugMy  OTemliMwi,    (T.H.H.) 


ANDCAl  EIMODOIL 


Class  T.— OASTEEOPODA  M0N(ECIA. 


..  Nadibiancliiat&  . 
I.  Tedjbranchiata  . 
I.  InferohraDchiata . 


Aplyuft. 
Difjiylliia. 


FAOTISCE  IL— LAXELLIBRAHCHIATA. 

CiiASfl  VL — CONCHIFERA. 

{No  good  Olden  have  yet  been  established,  "V  Oyster,  mnaael, 
nei^er  Dimyoria  and  Monoinyaria,  nor  I  cockle,  venus, 
Plenioconcha  and  Orthoconchs,  being  good  (  andalloidinaiy 
natiusl  divifflonB.  )  bivaivw, 

PBOTINCE  m.— KOLLnSCOZDA. 

Class  TIL — BRACHIOPODA. 

1.  BtacUopoda  articulata 

2.  !foach.  morticulata 

Class  VUL— POLTZOA. 


Tercbratnla,  lepten 

producta. 
Lingula,  orbicula,  ( 


.  Cheilostomata 
.  Ctenostomata 

.  CydoBtomata 
.  Lopbophea 
.  Pedicellinida 


Flostra,  eschara. 

Bowerbanku. 

TubuUpora. 

Homatolla. 

Pedicellina. 


Clabb  IX.— ASCIDIOiriA. 
.  Branchialia  CTSthia,  ascidia. 


2.  Abdominalia 


Clavellina,  aplidini 
Appendicularia. 


SUB-KINGDOM  CCELENTERATA. 


,  Class  L— ACTINOZOA. 


Order  1.  Ctenopboia 
„     2.  Alcyonaria 


Cydippe,  cegtum. 
Alycjonimn,   gorgonia,  penna- 

tula,  tubipora. 
Cyathophylhim,  cystiphi/llunt. 
Actmia,    zoanthus,    antipathes, 

madrepora,  aatnea. 
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Class  IL— HYDROZOA. 


Older  1.  HjdridflB    . 

2.  Coiynidse  . 

3.  Seitulaiidae 

4.  Calycophoridse 
6.  PhysophoridflB 

6.  Lucemaridffi 

7.  Medusidse  . 


n 


n 


99 


Hydra. 

CoTjne,  tabttlaria,  endendiinm. 

Plumularia,  seitulana. 

Diphyes,  sphoeronectes. 

Physalia,  velella,  physophora. 

Rhizostoma,  cyanoea,  lucemaria. 

i^Igina. 


SUB-KINGDOM  PROTOZOA. 

PBOTIHCE  L^STOMATOSA. 

Class  L— INFUSORIA. 
ParamoBcmm,  vorticella,  acineta,  noctiluca. 

PBOTIHCE  n.— ASTOMATA. 

Class  L— SPONGIDA. 
Spongilla,  halichondria,  tethya. 


Class  IL— RHIZOPODA. 


Order  1.  Lobosa 

2.  Radiolaria 


w 


99 


3.  Reticularia 


AmoDba. 

Thalassicolla,*  dictyocha, 

acanthometra,  actinophrys. 
Gromia,    rotalia,    nummulites^ 

miliola. 


Class  ILL— GREGARINIDA. 

Grcgarina. 
[Incertce  sedis,  Mycetozoa  ( ?)     .         .     (Ethaliiim.] 

It  is  less  necessary  for  the  geologist  to  understand  the  details  of  the 
classification  of  the  Vegetable  Kingdom,  and  I  shall  therefore  give  only 
its  great  sub-divisions,  taken  from  the  programme  of  the  lectures  in  the 
Museum  of  Irish  Industry. 


•  (« 


Marine  Jelly,"  fh>in  the  Greek  vords  "  TbaUasa,'*  the  sea ;  and  "  KoUa,"  Jelly. 


\ 


VEGETABLE  KINGDOM. 
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VEGETABLE  KINGDOM. 

Class  L— THALOGENS. 


Order  1.  AlgSB 

2.  Fungi 

3.  Lichens 

4.  Characesd 


w 


n 


w 


EXAMPT.Ka 

Sea-weeds. 

Mushrooms,  etc 

Tree  and  stone  mosses,  etc 

Chara,  etc. 


Order  1.  Hepaticss    . 


n 


2.  Musci 


Class  n.— ANOGENS. 

.     Liverworts. 
.     Mosses. 

Class  ITL— ACROGENS. 


Order  1.  Lycopodiace89 
,,      2.  Marsiliacese 
,,      3.  Equisetace» 
4.  Filices 


» 


Club-moss,  etc 
Pepper-worts,  etc 
Horse-tails. 
Ferns. 


Class  IV.— ENDOGENS. 


Order  1.  Glumiferae . 
2.  Petaloidese. 


w 


» 


3.  Dictjogenso 


Grass,  etc 

Banana,   orchis,   palms,   lilies, 

screw-pines,  etc 
Yam,  smilax. 


Class  V.— EXOGENS. 


Order  1.  Apetalse. 

a.  Gymnosperms 
L  Angiosperms 
„      2.  CoroUiflon© 

„      3.  Calyciflora) 


» 


4.  Thalamiflorsd 


Pine,  cypress,  cycas,  etc 
Spurge,  nettle,  oak,  elm,  etc 
Primrose,  convolvulus,   lieath, 

etc. 
Dandelion,    campanulsB,    rose, 

pea,  etc 
Crows-foot,   poppy,    geranium, 

etc 


Of  the  above  classes,  L,  II.,  III.,  form  the  Cryptogamia,  and  IV.  and 
V.  the  Phanerogamia  of  Linnaeus — the  Acotyledons  and  Cotyledons  of 
some  authors — while  I.  and  11.  constitute  the  Cellulares,  and  HI.,  IV., 
and  v.,  the  Vasculares  of  other  authors. 


384  DISTRIBUTtOir. 

Dittribittion  of  Animal*  tmd  PlanU.  —  Evei;  one  is  Mqiumted 
with  the  obviouB  fact,  that  the  indiTidnahi  of  the  different  species  of 
ammala  and  plants  are  not  indiBcriminotely  Hcatteied  about  the  earth, 
but  that  those  of  each  kind  are  naturally  limited  to  a  particular  K^ion, 
of  which  the  species  ia  commonly  said  to  be  t^  native.  Palm  trees, 
bananas,  and  pine  apples,  do  not  grow  in  the  open  aii  in  temperate 
cones ;  nor  apples,  barley,  or  potatoes,  on  the  low  lands  of  the  tropics. 
The  polar  bear,  and  the  lion,  the  teindeer,  and  the  camel,  the  mnak  ox, 
and  the  giraffe,  do  not  inhabit  the  same  r^ons. 

If  we  ask  why  these  different  species  cannot  live  beyond  certain 
limits,  the  answer  would  be,  that  a  cliTiiaU,  difi^tnt  from  that  in  vUeA 
thtJ/  Tunc  live,  umtUd  tiot  be  tuitabU  to  them.  We  arrive  then,  fint  of  all, 
nt  the  conclusion  that  the  limitation  of  species  depends  upon  variationa 
in  climate ;  that  is  to  say,  upon  the  physical  conditions  of  different 
regions. 

This  restriction  of  certain  species  to  particular  areas,  by  the  actioQ 
of  surrounding  circumstances,  however,  gives  us  no  explanation  of  a 
still  more  remarkable  phenomenon  in  the  distributdon  of  species,  whidi 
is,  that  in  different  parts  of  the  earth  which  have  climates  eaeeutdolly 
alike,  the  Bpeciea  of  animals  and  plants  are  often  very  different.  Iliere 
is,  for  instance,  a  much  greater  difference  in  the  species  of  animala  and 
plants  inhabiting  the  borders  of  Europe  and  Asia  and  those  living  in 
cotteaponding  latitudes  in  the  centre  of  North  America,  than  there  is 
between  the  climates  of  the  two  regions.  In  like  manner,  the  «t>iiiia1« 
and  plants  inhabiting  South  America,  South  A&ica,  and  Australia,  differ 
far  more  from  each  o&er  than  do  the  climates  of  those  countries.  We 
maj  speak  of  this  distribution  of  species  as  the  result  of  tporadie  (or 
scattered)  or^tn. 

It  will  be  necessary  to  devote  a  little  space  to  the  examination  of 
the  principal  facts  connected  with  these  two  kinds,  modes,  or  princi- 
ples of  distribution. 

Land  and  Ocean  Cltmatei. — If  we  ascended  from  the  level  of  the 
aea  near  the  equator,  up  the  sides  of  a  lofty  mountain  to  the  regions  of 
perpetual  snow,  we  should  pass  in  a  few  n^es  through  the  same  varia- 
tions in  climate  as  if  we  travelled  along  the  sea  level  to  the  arctic  or 
antarctic  circles.  The  variation  in  the  species  of  animab  and  plants 
would  also  be  similar  in  the  two  journeys.  The  difference,  indeed, 
would  be  chiefly  in  the  rate  of  change,  hundreds  of  feet  vertically,  pro- 
ducing an  effect  equal  to  that  caused  by  hundreds  of  miles  laterally. 

Meyen  makes  eight  vertical  botanical  regions  under  the  equator,  as 
fbUows: — 
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Region 

1.  Region 

2.  Region 

3.  Region 

4.  Region 

5.  Region 

6.  R^on 

7.  Region 

8.  R^on 


of  perpetual  snow,  with  no  plants 
of  Alpine  Plants .         .         .         . 
of  Rhododendrons 
of  Pines      .         .         .         .         . 
of  European  Dicotyledonous  trees  . 
of  Evergreen  Dicotyledonous  trees 
of  Myrtles  and  Laurels 
of  Tree  Ferns  and  figs . 
of  Palms  and  Bananas . 


Height  in 
Feet 

16,200 

14,170 

12,150 

10,140 

8,100 

6,120 

4,050 

2,020 

0 


As  each  of  these  vertical  regions  ranges  north  and  south,  it  descends 
towards  the  level  of  the  sea,  and  fonns  a  zone  surrounding  the  earth  ; 
the  eighth  region  forming  the  equatorial  zone,  15°  broad  on  each  side 
of  the  equator  ;  the  seventh,  the  two  tropical  zones,  each  8°  broad ;  the 
sixth,  the  two  subtropical,  1 1°  broad ;  the  fifth,  the  warmer  temperate 
zones,  11°  broad  ;  the  fourth,  the  colder  temperate  zones,  13°  broad  ; 
the  third,  the  subarctic  zones,  8°  broad  ;  the  second,  the  arctic,  12° 
broad ;  and  the  first,  the  polar  zones,  1 2°  broa(L  These  zones  are 
bounded,  however,  by  isothcrnial  lines,  rather  than  parallels  of  lati- 
tude, so  that  the  width  of  some  of  them  varies  in  different  parts. 

A  similar  change  of  climate  takes  place  as  we  descend  vertically 
into  the  sea,  and  a  similar  consequent  change  in  the  species  of  animals 
and  plants.  This  was  first  clearly  shewn  by  Edwar«l  Forbes,  during  his 
researches  in  the  Egean  Seas.  The  change  as  we  descend  into  the  sea 
is,  however,  modified  by  the  increase  of  water-pressure  being  more 
rapid  as  we  descend  into  it,  than  the  decrease  of  atmospheric  pressure 
is  in  ascending  into  the  air,  and  by  the  loss  of  light  in  the  depths  of  the 
sea  (light  l^eing  supposed  to  cease  entirely  at  700  feet),  to  which  there 
is  nothing  con-esponding  in  the  heights  of  the  atmosphere. 

Edward  Forbes  divided  all  seas  into  five  vertical  spaces,  which  he 
called  zones  (not  regions),  as  follows : — 

1.  Littoral  zone,  the  space  between  high  and  low- water  mark,  or  where 

there  is  no  tide,  the  water's  edge. 

2.  Tlie  circum-littoral  zone,  from  low- water  mark  down  to  about  15 

fathoms. 

3.  The  median  zone,  from  1 5  to  about  50  fathoms. 

4.  The  infra-median  zone,  from  60  to  about  100  fathoms. 

5.  The  abyssal  zone,  from  100  fathoms  to  the  greatest  depth  to  which 

life  could  continue  to  exist. 

He  likewise  arranged  marine  life  into  nine  homoiozoic  belts  (or 

belts   of  similar  life),  surrounding  the  globe,  and  also  bounded  by 

isothennal  lines,  one  central  or  equatorial,  and  four  on  each  side  of  it 

which  he  called  circum-central,  neutral,  circum-polar,  and  polar.     Each 
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of  theae  belts,  however,  had  its  vertical  zones  as  above,  and  did  not 
merely  correEpond  with  one  of  thera,  like  the  botanical  r^ona  and 
zones  of  Meyen, — (Johmton's  Fki/iical  Allot,  2d  edition) 

There  ia,  indeed,  a  difference  even  in  the  diBliibution 
in  the  two  oceans  of  air  and  water  which  surround  the  earth,  s 
partly  from  the  difference  in  theb  physical  constitution,  and  partly  &om 
their  limitation  in  space.  The  ocean  of  air  that  eurrounds  the  earth  it 
interrupted  but  for  very  slight  spaces  near  its  lower  eurface,  where 
there  happens  to  be  great  irregularity  in  the  vertical  or  relief  fonn  of 
the  land  on  which  it  rests.  The  loftiest  mountains  or  table  tanda 
penetrate  hut  a  short  distance  up  into  the  atmosphere.  The  ocean  of 
water,  however,  not  only  rests  uii  an  irregular  base,  but  is  inclnded 
within  a  very  irregular  bed,  its  free  circulation  being  continually 
impeded  and  deflected  by  large  parte  of  that  bed  rising  completely- 
above  it,  and  forming  dry  land.  Even  if  we  euppoeed,  however,  the  sea 
to  form  as  regular  an  envelope  to  the  earth  as  the  air  does,  there  would 
nevertheless  he  a  difference  in  the  distribution  of  their  temperatures. 

We  raay  regard  the  distribution  of  mean  temperature  in  the  air, 
under  the  figure  of  shells  or  regularly  arched  strata,  superimposed  one 
over  the  other,  the  hottest  surrounding  the  earth  about  the  equator,* 
the  next  spreading  over  that,  and  the  next  over  that,  and  so  on,  each 
shell  having  a  less  mean  temperatnre  than  the  one  underneath  iL 
In  hg.  104,  let  C  be  the  centre  of  the  earth,  and  the  blank  eeaai- 


circiilftT  space  over  LCL  represent  a  section  of  half  the  solid  part  of 
the  globe.     Let   the  line  C  E  be  in   the  direction  of  the  equator,  and 
*  Tbe  equitor  at  heat,  f,e.,  the  eircumfeKiice  at  gratut  mem  tempenlun,  do«a  not 
Bxactl;  coinddo  with  the  tnie  equtor  oT  the  earth. 
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the  line  P  L  C  L  P  be  the  polar  axis  of  the  earth,  P  P  being  the  poles 
and  let  the  semicircle  PEP  represent  the  surface  of  the  supposed 
uniform  ocean  of  water,  the  depth  of  which,  P  L,  is  enormously  exag- 
gerated. Let  the  semicircle  AAA  represent  the  extreme  limits  of 
the  atmosphere,  quite  as  much  exaggerated  in  height  as  the  sea  is  in 
depth.  Then  the  arched  lines  over  PEP  will  represent  sections  of 
the  supposed  shells  of  decreasing  temperature  in  the  atmosphere,  the 
hottest  being  the  lowest  just  over  R  The  lofty  mountain  over  E  will 
penetrate  all  these  shells,  its  summit  being  just  in  that  stratum  of  cold 
which  in  its  gradual  descent  reaches  the  sea  level  about  the  poles. 

About  the  equatorial  regions  of  the  earth,  or  in  the  neighbour- 
hood of  E,  the  decrease  of  temperature  as  we  descend  into  the  sea  will 
take  place  in  the  same  way  as  it  does  in  ascending  into  the  air.  There 
will,  however,  be  a  limit  to  this  decrease  in  the  sea,  unlike  anything 
that  we  know  of  in  the  air.  Taking  the  mean  temperature  of  the 
water  at  the  level  of  the  sea  about  the  equator  as  82°  Fahrenheit,  there 
will  be  inverted  shells  or  saucers  of  cooler  and  cooler  water  beneath 
that  till  we  come  down  to  a  depth  of  about  7200  feet,  when  we  shall 
have  a  temperature  of  about  39.5°  Fahrenheit.*  This,  however,  is  the 
temperature  of  the  maximum  density  of  water,  and  therefore  all  the 
water  below  that  deptli  must  be  of  that  same  temperature,  for  if  any 
particle  of  water  below  were  made  either  hotter  or  colder,  it  would 
become  lighter,  and  therefore  float  up  to  this  leveL  But  keeping  in 
mind  the  figure  of  saucers  or  shells  of  water,  it  will  be  apparent  that 
this  stratum  of  39.5°  Fahrenheit,  will  somewhere  rise  up  to  the  upper 
surface  of  the  sea,  or  sea  hvel.  This  would  probably  take  place  about 
latitudes  56"  or  57**,  and  proceeding  towards  each  pole  from  those  lati- 
tudes, there  must  be  saucers  of  colder  and  colder  water,  one  upon  or 
inside  each  other,  until  the  water  becomes  eventually  converted  into 
ice  (see  fig.  104).  In  the  polar  regions,  therefore,  the  temperature  of  the 
water  will  increase  as  we  descend  (instead  of  decreasing,  as  about  the 
equator),  until  we  again  come  down  to  the  stratimi  of  39.5°  Fahrenheit, 
which  is  believed  to  lie  at  a  depth  of  about  4500  feet,  in  latitude  70°. 

Such  being  the  normal  distribution  of  mean  temperature  in  the 
atmosphere  and  the  ocean,  let  us  briefly  examine  the  modifying  effects 
of  the  various  movements  caused  partly  by  the  orbital  motion  of  the 
earth  with  its  inclined  axis  round  the  sun,  and  partly  by  its  rotation 
on  that  axis. 

As  the  earth  rotates  on  its  axis,  the  atmosphere  and  the  ocean  of 
course  move  with  it. 

From  the  nature  of  circular  motion  it  is  clear  that  the  more  distant 
from  the  axis  of  the  rotating  body  any  point  may  be,  the  greater  will 
be  the  circle  it  describes  during  each  rotation.     A  point  on  the  e([uator, 
*  Somenille's  Phys.  Geogr.,  chap.  xvL    Sir  J.  Herschell's  Meteorology,  p.  39. 
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then,  will  describe  a  larger  circle  during  the  twenty-four  hours  than  • 
point  on  the  latitude  of  20*^,  40^*,  60°,  or  80°.  If  a  man  travelled 
round  the  globe  on  the  equator,  he  would  make  a  joumej  of  ncailj 
25,000  miles  ;  if  he  could  travel  round  it  along  latitude  60^,  his 
journey  would  be  little  more  than  4300  nulee. 

Similarly  on  any  given  latitude,  a  point  deep  in  the  Bea  will  deaeribt 
a  less  circle,  and  a  point  high  in  the  air  will  describe  a  greater  cixcle 
than  any  of  the  points  between  them. 

It  follows  that  if  any  body  of  air  or  water  be  moved  vertically 
upwards  or  downwards,  or  travel  directly  towards  the  equator  or  the 
poles  (i.«.,  northwards  or  southwards),  it  will  have  not  only  that  abso- 
lute motion,  but  a  relative  motion  eastwards  or  westwards  consequent 
on  the  eastward  movement  of  rotation  by  the  part  it  arrives  at  being 
faster  or  slower  than  that  of  the  part  it  left. 

Now  the  sun's  rays  are  hottest  where  it  is  vertical,  and  they  cause 
a  vertical  motion  in  the  air  bcueath  it  in  consequence  of  the  expansion 
produced  in  that  air  by  the  heat  communicated  to  it,  either  directly  or 
by  contact  with  the  earth,  so  that  the  air  becomes  lighter  and  floats 
upwards.  Similarly,  the  water  of  the  sea  is  made  warmer,  and  there- 
fore lighter,  beneath  the  vertical  sun,  and  a  greater  portion  is  removed 
thence  by  evaporation  from  it«  surface.  Air  and  water,  therefore,  are 
both  sucked  up  by  tlie  sun  to  a  greater  extent  where  it  is  vertical  than 
elsewhere.  This  vertical  transference  of  air  and  water  produces  a  direct 
north  and  south  motion  in  the  parts  just  outside  the  space  sucked  up, 
as  they  must  rush  in  in  order  to  supply  the  place  of  that  which  is 
being  removed  ;  and  these  vertical,  and  direct  north  or  south,  move- 
ments are  partly  turned  aside  in  consequence  of  the  rotation  of  the 
earth.  Thus  are  produced  those  currents  in  the  air  which  are  called 
the  trade  winds,  and  the  counter  westerly  winds  outside  the  tropics. 
And  thus  the  surface  of  the  ocean  is  set  in  motion  by  currents  which 
are  only  not  so  regular  as  the  trade  winds,  in  consequence  of  the  inter- 
ruptions in  the  circulation  of  the  wat^r  arising  from  the  interposition 
of  land.  The  very  motion  in  the  air  itself,  too,  blowing  along  the  sur- 
face of  the  water,  contributes  towards  the  production  of  a  current  in  it. 
As  the  sun  is  never  vertical  over  the  same  spot  two  days  in  succes- 
sion, except  just  at  the  solstices,  but  travels  backwards  and  forwards  over 
the  central  belt  of  the  earth's  surface,  in  couse(iuence  of  the  axis  of  the 
earth  being  inclined  to  its  orbit,  it  follows  that  the  i)lac«  where  these 
motions  are  generated  is  similarly  movable,  and  oscillates  during  the 
year,  now  on  one  side  and  now  on  the  other  of  the  equator. 

The  irregular  distribution  of  land  and  water  likewise  affects  the 
position  of  the  original  moving  impulse,  in  consequence  of  the  difference 
in  the  heating  power  of  the  sun's  rays  on  a  land  surface  and  a  water 
surface,  and  the  difference  in  the  respective  powers  of  radiation  pos- 
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Bessed  by  these  two  surfaces.  This  cause  goes  to  the  extent,  in  some 
localities,  of  setting  up  local  centres  of  motion  in  the  air,  which  shift 
their  place  according  to  season,  or  the  place  where  the  Bun  happens  to 
be  vertical,  thus  producing  monsoons,  or  local  periodical  winds,  instead 
of  trade  winds. 

The  variations  in  altitude  of  different  parts  of  the  land  produce  stiU 
farther  modifications  in  the  air  currents. 

The  complicated  machinery  thus  set  in  motion  over  the  central 
regions  of  the  earth  causes  motion  throughout  the  whole  extent  of  the 
two  oceans  of  air  and  water  that  surround  the  earth.  A  regular  system 
of  circulation  is  set  up  both  in  the  atmos}>here  and  the  sea,  its  regularity 
being  continually  interrupted  and  disturbed  by  the  irregular  outline  of 
the  land  and  sea  surface,  and  the  irregularities  in  the  relief -forms  of  tlie 
land,  and  to  some  extent  in  those  of  the  bed  of  the  ocean. 

It  thus  happens  that  the  climate  of  any  part  of  the  earth's  surface, 
either  terrestrial  or  marine,  depending  primarily  on  its  latitude  and  its 
altitude  or  depth,  is  also  governed  to  a  great  extent  by  its  position 
with  respect  to  the  hot  or  cold  currents  of  air  and  water,  and  also  by 
its  proximity  or  othen^Mse  to  neighbouring  great  irregularities  of  sur- 
face, and  the  aspect  of  those  irregularities. 

The  imjiortant  element  of  temperature  has  been  graphically  repre- 
sented by  means  of  what  are  called  isothermal  lines,  pointing  out  the 
mean  temperature  of  different  places,  either  for  the  whole  year  or  for 
the  summer  and  winter  months  of  the  extra-tropical  regions.  The 
latter  are  often  more  important  than  the  former,  since  it  is  obvious 
that  two  pliices  may  have  the  same  mean  annual  temperature,  and  yet 
possess  very  different  climates.  One  place,  for  instance,  might  have  a 
mean  winter  temperature  of  50*^  and  a  simmier  one  of  70*^,  while 
another  might  have  a  meim  winter  temperature  of  20°  and  a  summer 
one  of  100°,  and  yet  both  have  a  mean  annual  temperature  of  60®. 

VarioxM  degrees  of  Climate  Injiuence. — Different  species  of  plants 
and  animals  are  differently  affected  by  climate,  some  being,  by  their 
constitution,  adapted  for  only  one  peculiar  kind  of  climate,  and  perish- 
ing if  they  are  moved  beyond  it,  while  others,  more  hardy,  will  sur- 
vive, and  some  even  flourish  almost  equally  well,  through  many 
different  kinds  of  climate.  Man,  and  his  companion  the  dog,  are  the 
animals  which  withstand  best  almost  any  amount  of  change  in  this 
respect. 

Food  to  he  incliidf'd  in  Climate. — It  is  obWous  that  when  speak- 
ing of  the  influence  of  climate  on  plants  or  animals,  it  is  necessary  to 
include  food  ui  the  idea  of  climate,  because  if  the  mere  temi)erature 
and  other  circumstances  be  ever  so  suitable,  they  will  perish  without 
food.  Minerals  are  the  food  of  jjlants,  together  with  wattr  and  air, 
which  are  essential  both  for  themselves,  and  inasmuch  as  they  dissolve 
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other  substances,  and  thus  prepare  them  for  use.  Animals  feed  either  on 
plants  or  on  other  animals.  Before  plants  can  exist,  then,  in  any  part  of 
the  earth,  or  could  come  into  existence  on  the  earth  at  all,  air  containing 
carbonic  acid  gas,  and  water  containing  dissolved  mineral  matter,  must 
have  existed.  In  like  manner,  before  plant-eating  animals  could  exist, 
a  sufficient  stock  of  plants  for  their  food  must  be  in  existence,  and  a 
sufficient  stock  of  plant-eating  animals,  before  other  animals  lived  that 
were  to  be  supported  by  feeding  upon  them. 

It  must  be  recollected  that  this  is  true  of  marine  and  fresh  water, 
as  well  as  of  terrestrial  beings. 

DestructioUy  partial  or  entirey  of  Species  of  Plants  and  Animals, — 
The  fact  of  the  adaptation  of  species  of  plants  and  animals  to  peculiar 
climates  (including  food  in  the  idea  of  climate),  involves  the  necessity 
of  the  destruction  of  species  as  a  consequence  of  an  alteration  in  climates. 
If  horn  any  physical  changes,  such  as  those  which  we  learn  from  Lyell's 
Principles  of  Geology  to  be  taking  place  continually  in  some  locality  or 
other,  sea  be  converted  into  land,  or  land  into  sea,  deep  water  into 
shallow,  high  land  into  low,  or  the  reverse  of  those,  such  changes  must 
involve  the  destruction  of  many  of  the  species  inhabiting  the  areas  so 
changed,  or  of  all  of  them,  according  to  the  amount  of  change.  Some 
of  those  species  may  have  been  limited  to  the  areas  thus  affected,  if  so 
their  destruction  will  be  complete,  unless  they  shift  their  habitation 
during  the  progress  of  the  change,  and  establish  themselves  in  new 
areas.  Both  total  extinction  and  local  extinction  may  thus  be  caused, 
the  latter  being  the  result  either  of  the  partial  destruction  of  an  inha- 
bited area,  or  the  result  of  migration  from  an  area  totally  destroyed. 

Another  source  of  destruction  is  the  removal  by  physical  change  of 
a  barrier  that  once  existed  between  the  areas  of  two  species,  of  which 
one  is  more  powerful  than  the  other,  and  destructive  to  it  when  both 
are  inhabitants  of  the  same  area. 

One  plant  may  thus  outgrow  and  overwhelm  another,  or  a  plant- 
eating  animal  may  usurp  the  food  of  another  plant-eating  animal,  or  a 
flesh-eating  species  may  prey  upon,  and  directly  destroy  another  species 
of  animal,  or  indirectly  destroy  it  by  usurping  its  food.* 

Add  to  these  causes  the  effects  of  blights  and  murrains,  or  epidemic 
diseases  among  plants  and  animals,  and  we  have  enumerated  all  the 
most  obvious  causes  of  the  extinction  of  species. 

It  seems  to  follow  from  these  premises,  that  if  physical  causes  of 

*  One  species  seems  sometimes  to  be  animated  by  pure  hostility  to  another,  as  in  the 
case  of  the  blaclc  and  brown  rats.  The  old  English  or  black  rat  was  said  at  one  time  to  be 
universal  in  our  islands  ;  whether  it  ever  spread  beyond  them  I  am  not  aware,  but  the  rat 
which  is  now  common,  and  called  the  brown  or  Norwegian  rat,  is  said  to  have  been  intro- 
duced, and  to  have  almost  entirely  extirpated  the  other.  The  black  rat  still  exists,  how- 
over,  in  some  remote  comers,  as  I  can  answer  for  its  having  been  the  common  rat,  if  not 
the  only  rat,  in  Bantry  about  the  year  1854. 
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change  were  left  to  act  for  an  indefinite  time  upon  the  life  of  the  globe 
without  any  renovation  of  that  life  by  the  introduction  of  new  species, 
the  whole  world  would  ultimately  be  tenanted  only  by  the  comparatively 
few  more  hardy  species  which  could  survive  all  these  changes  ;  and  it 
seems  also  to  follow,  that  wherever  two  parts  of  the  globe,  however  dis- 
tant, had  similar  climates,  we  should  find  in  them  the  same  species  of 
animals  and  plants. 

Sporadic  origin  of  Species, — A  species  of  plant  or  animal  ap- 
parently consists  of  the  descendants  of  some  one  individual,  or  pair  of 
individuals,  that  originated  on  some  spot  of  the  earth's  surface.  These 
spots  are  called  specific  centres,  because,  as  the  descendants  multiplied, 
they  spread  themselves  in  all  directions  round  them  as  far  as  time  and 
climate  (that  is,  all  the  surrounding  circumstances)  would  allow.  These 
originating  spots  or  centres  seem  to  have  been  scattered  broadcast  over 
the  world.  Every  large  area  of  the  world  has  been  found  toi>e  fertile 
in  species  of  animals  and  plants  peculiar  to  it,  and  some  very  small 
areas,  such  as  little  islands  remote  from  any  other  land,  or  detached 
lakes  and  seas,  have  in  like  manner  been  found  to  be  inhabited  by 
species  which  did  not  exist  anywhere  else. 

We  cannot  escape  the  conclusion,  that  either  direct  creation,  or  the 
action  of  some  principle  of  variation  and  multiplication  of  forms  has 
been  in  frequent  or  continuous  operation  in  all  pails  of  the  globe,  both 
on  land  and  in  the  water. 

Schouw  divided  the  globe  into  twenty-five  botanical  regions,  in  each 
of  which  at  least  one  half  of  the  known  species,  a  quarter  of  the  genera, 
and  some  individual  families,  were  peculiar  to  that  region,  and  foimd 
nowhere  else.  These  regions  are  scattered  variously  over  the  globe,  but 
they  admit,  as  shewn  by  Meyen,  of  an  arrangement  into  zones,  each 
zone  suiTounding  the  earth,  and  including  regions  in  which,  although 
the  plants  are  distinct,  yet  they  are  more  like  and  more  nearly  allied  to 
each  other  than  those  of  other  zones.  Not  only  are  the  regions  of  plants 
in  each  of  these  zones  similar  to  each  other,  but  there  is  another  kind 
of  similarity  in  those  of  corresponding  zones  in  the  opposite  hemispheres, 
so  that  the  plants  may  be  said  to  be,  although  entirely  distinct,  repre- 
sentative of  each  other. 

The  evergreen  forest  trees,  for  instance,  of  the  northern  warmer 
temperate  zone,  are  represented  by  other  evergreen  forest  trees  in  the 
south  warmer  temperate  zone,  each  latitudinal  zone  still  having  its  dis- 
tinct vertical  region  of  plants,  as  before  described. 

Some  particular  species  of  plants  are  confined  to  very  small  areas. 
Small  L^^lands,  for  instance,  such  as  Madeira  and  Teneriffe,  have  species 
of  plants  wliicli  are  found  nowhere  else.  I  recollect  being  shewn  a 
violet  on  the  mountain  of  the  Peak  of  Teneriflfe,  which  was  said  only  to 
occur  on  that  particular  mountain. 
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In  the  Canary  Islands,  generally,  out  of  533  species  of  pfa«enogam* 
ous  plants,  3 1 0  are  peculiar  to  them.  On  St.  Helena,  out  of  thirty  native 
species  of  phsenogamous  plants,  only  one  or  two  exist  in  any  other  part 
of  the  globe.  In  the  little  archipelago  of  the  Galapagos  Islands,  there 
are  a  hundred  species  of  flowering  plants  found  only  in  those  islands, 
some  only  on  some  of  the  islands  and  not  on  the  others.  {Humboldt 
atid  Darwin,  as  quoted  hy  Lyell.     Princ,  chap,  xxxviii.) 

The  same  rules  hold  good  in  the  animal  kingdom. 

Edward  Forbes  arranged  the  marine  life  of  the  globe,  especially  the 
Fish,  Mollusca,  and  Radiata,  into  twenty-five  provinces,  ranging  along 
all  the  coasts  of  the  globe,  each  of  his  Homoiozoic  belts  containing  one, 
two,  or  more  of  these  provinces  as  they  sweep  round  the  globe. 

Milne  Edwards  in  his  Histoire  des  Crustacoes  had  previously 
sketched  out  somewhat  similar  provinces  as  inhabited  by  different 
groups  of  species  of  Crustacea,  and  similar  arrangements  could  be  shewn 
to  be  practicable  ivith  other  classes  of  animals. 

The  boimdaries  of  these  various  provinces  or  regions  are  sometimes 
very  well  marked.  This  is  especially  the  case  wherever  any  strong 
natural  feature  occurs,  such  as  the  separation  of  two  land  provinces  by 
a  chain  of  inaccessible  mountains,  or  by  a  narrow  and  deep  sea,  or 
that  of  two  marine  provinces  by  a  narrow  neck  of  land,  or  Uie  meet* 
ing  of  a  warm  and  cold  current  of  water.  At  other  times  adjacent  pro- 
vinces may  be  more  or  less  blended  into  each  other,  so  that  it  is  difficult 
to  say  where  one  ends  and  the  other  begins. 

M.  Barrande,  in  his  "  Parallele  entre  les  depots  Siluriens  de  Boh^e 
et  de  Scandinavie,**  has  some  very  instructive  remarks  on  the  dose 
approximation  of  widely  distinct  marine  provinces.  Wherever  two 
spaces  of  sea  are  separated  by  a  narrow  neck  of  land,  uniting  countries 
which  stretch  far  and  without  interruption  tlirough  different  climates, 
we  may  have  totally  different  species  within  a  few  miles  of  each  other. 
This  happens  at  present  in  the  instances  of  the  Isthmus  of  Suez  and 
Isthmus  of  Darien. 

In  the  first  case,  according  to  the  best  authorities,  there  are  no 
species  of  Fish  or  Crustacea  common  to  the  Red  Sea  and  the  Mediter- 
ranean, with  the  exception  of  a  few  cosmopolitan  species  ;  neither  are 
there  any  species  of  Molluscs  conmion  to  the  two  seas,  with  a  few 
doubtful  exceptions  ;  while  with  regard  to  the  2iOophytes,  this  is  true 
without  any  exception  at  all. 

In  the  second  case,  on  the  authority  of  M.  Alcide  D'Orbigny,  there 
are  110  genera  of  Mollusca  on  the  two  coasts  of  South  America,  of 
which  fifty-five  are  common  to  the  Pacific  and  Atlantic  Oceans  ;  thirty- 
four  peculiar  to  the  Pacific,  and  twenty-one  peculiar  to  the  Atlantic 
There  is,  therefore,  a  generic  correspondence  to  the  extent  of  one  half ; 
that  half  being  probably  the  most  important,  and  containing  the  greatest 
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number  both  of  spedes  and  indiyidualB.  Bat  these  110  genexa  con* 
tain  628  species,  and  of  these  one  only  is  to  be  found  common  to  the 
Atlantic  and  Pacific  Oceans. 

Examples  of  the  Qeographkal  Limitation  of  Animals  as  proving 
their  Sporadic  Origin. — In  order  not  to  leave  the  reader  with  mere  diy 
abstract  generalizations,  it  may  be  advisable  to  mention  a  few  of  the 
best  known  and  most  marked  examples  of  the  limitation  of  certain 
species  aiid  genera  of  animals. 

a,  Fish, — ^The  sea-fish  vary  greatly  in  different  parts  of  the  world. 
The  cod,  the  turbot,  and  the  sole  are  peculiar  to  the  Arctic  seas 
and  the  adjacent  parts  of  the  Atlantic.  The  salmon  accompanies  them, 
but  runs  down  the  western  coast  of  North  America  as  far  as  the 
Columbia  River,  while  in  Europe  it  is  never  found,  I  believe,  in  any 
river  nmning  into  the  Mediterranean  or  Black  Sea.  The  tunny  and 
other  Mediterranean  fish  are  in  like  manner  unknown  in  the  Atlantic 

The  fresh-water  fish  are  equally  limited  in  some  parts  of  the  world. 
In  New  South  Wales,  the  large  cod-perch,  as  it  is  called,  is  found  only 
in  the  rivers  running  down  the  western  side  of  the  eastern  coast  range, 
and  not  on  the  eastern  side  of  that  range. 

b,  Birds. — Perhaps  the  most  striking  facts  of  limitation  of  species, 
however,  are  those  occurring  among  birds  ;  whose  powers  of  easy  and 
rapid  locomotion  seem  to  place  the  whole  world  at  their  disposal. 

Some  birds  do  range  over  very  large  parts  of  the  earth,  but  others 
are  limited  to  the  smallest  territories.  The  red  grouse  of  our  own 
islands  iH  not  known  to  cxibt  in  any  other  portion  of  the  earth.  The 
nightingale,  which  visits  the  south-east  of  England  during  the  simmier, 
and  abounds  then  in  Cambridgeshire,  and  extends  even  to  Northampton, 
stops  at  a  certain  line,  running  thence  down  into  Dorsetshire,  and  is 
never  heard  to  the  north-west  of  that  line. 

Perhaps  there  is  no  more  striking  instance  of  the  restriction  of 
species  to  narrow  limits  than  that  observed  by  Mr.  Darwin  in  the  Qalar 
pagos,  and  described  in  his  Naturalist's  JoumaL  Here  we  have  a  small 
cluster  of  islands  all  volcanic,  and  all  therefore  of  the  same  character, 
and  all  nearly  imder  the  equator,  and  therefore  enjoying  the  same 
climate,  and  yet  not  only  have  they  a  fauna  and  flora  distinct  iroim  that 
of  the  rest  of  the  world,  but  different  species  are  found  in  the  different 
islands,  making  the  group  into  a  little  world  of  its  own,  a  satellite,  as 
it  were,  of  the  great  American  continent.  The  animals  and  plants  bear 
the  American  stamp,  resembling  those  of  America  more  than  those  of 
any  other  part  of  the  world ;  they  are,  however,  specifically  and  even 
generically  distinct.  Tlie  islands  contained  no  mammal  except  one 
small  mouse,  but  numerous  reptiles,  snakes,  lizards,  mid  tortoises,  some 
of  tlie  lizards  being  marine,  and  the  only  living  species  of  their  class 
that  inliabit  the  sea,  and  the  large  land  tortoises  being  also  of  veiy 
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peculiar  fonxiB.  Among  twenty-six  species  of  land  birds,  only  one  is 
known  elsewhere,  and  some  even  of  these  were  absolutely  confined  to 
particular  islands,  although  some  of  those  islands  were  within  sight  of 
each  other. — {DarwirHs  Naturalises  Journal,) 

Returning  for  another  instance  to  Australia,  we  find  that  there  are 
peculiar  species  of  parroquet  and  other  birds  in  Victoria,  South  Australia, 
and  Swan  River,  differing  from  each  other  and  from  those  of  New  South 
Wales,  while  many  of  the  latter  range  along  the  whole  stretch  of  the 
eastern  coast,  from  40°  S.  lat.  to  within  10°  or  12°  of  the  equator. 
The  same  species  in  this  case  seem  to  cling  to  one  range  of  high  land, 
even  though  stretching  through  different  climates,  while  they  do  not 
cross  the  intervening  plains  on  to  other  mountain  ranges,  although  they 
are  in  the  same  latitudes,  and  enjoy  the  same  cUmates  as  the  eastern 
coast  range. 

The  Dodo  that  inhabited  the  Mauritius,  and  was  exterminated  by 
the  Dutch,  and  the  large  and  beautiful  Norfolk  Island  and  Philip  Island 
parrots,  each  confined  to  its  little  spot  of  earth,  and  exterminated  by 
the  English  convicts,  are  conspicuous  instances  of  the  restriction  of 
large  birds  to  small  spaces,  and  their  consequent  extinction  on  the  in- 
troduction of  the  hostile  species — ^mau. 

The  himmiing-birds  afford  excellent  examples  both  of  great  range 
in  some  species,  and  of  close  restriction  in  others.  Humming-birds  are 
peculiar  to  the  American  continent,  they  are  foimd  over  the  whole  of 
it  from  Cape  Horn  to  Russian  America.  A  small  blazing  red  species 
(called  Salasporus  rufos),  ranges  from  Mexico  to  Sitka.  On  the  other 
hand,  the  one  called  Oreotrochilus  Chimborazo  is  only  found  on  the 
mountain  from  which  it  takes  its  name,  and  only  between  the  altitudes 
of  12,000  feet  and  15,000  feet  above  the  sea,  another  called  Oreo- 
trochilus Pichincha  is  only  fomid  between  the  (dtitudes  of  10,000  and 
14,000  feet  upon  Pichinca.  Ereocnemus  Derbianus  has  never  been 
found  except  in  the  crater  of  the  volcano  of  PuracL — (From  infonnatum 
communicated  hy  Mr.  Oould.) 

The  ostriches  and  their  allies  are  equally  remarkable  as  exhibiting 
the  organization  of  different  species  of  birds,  all  imable  to  fly,  in  so  many 
different  parts  of  the  earth.  The  ostrich  proper  {Struthio  camelus)  in- 
habits Africa  and  Arabia.  In  south  America  there  are  two  species  of 
ostrich,  one  {Rfiea  Americana)  inhabiting  the  eastern  plains  north  of 
the  Rio  Negro,  the  other  (Rhea  Darwinii)  the  plains  of  Patagonia.  In 
Australia  we  have  the  Emeu  (Dromaitcs  novas  Hollandia:),  in  New 
Guinea  and  the  neighbouring  islands  the  Cassowary  (Casuarius  galea- 
tus)f  and  another  species  from  New  Britain,  and  in  New  Zealand  the 
Apteryx  and  the  recently  exterminated  Dinomis^  of  which  Owen  says 
there  must  have  been  twelve  species.  There  was  another  bird  also  (called 
^pyronis)  in  Madagascar,  now  known  chiefly  by  its  eggs,  one  of  which 
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would  hxve  held  IAS  eggs  of  the  eoBunon  fowL  (Ohvn>  miJift*  u 
the  Brit.  Ajuoc  at  tkt  Leeds  MeOm^.) 

It  is  impoaoble,  mb  Oven  remarks,  to  suppose  that  all  thes^e  did^i^Mil 
species  of  biids  that  can  neither  flj  nor  swim,  nor  endure  seT^iv  climat)e«« 
could  have  iprnng  from  one  common  Aaatic  centra,  aocoiding  to  the 
generally  received  hrpothess  of  the  origin  of  specie^  It  is  also  equally 
dif&cult  to  understand  whr  that  strange  anomaly,  a  bird  unable  to  fly, 
should  have  been  developed  by  any  physiological  law,  such  as  DaiwinV 
doctrine  of  variation,  in  so  many  independent  localities,  though  that 
objection  might  perhaps  be  met  by  the  supposition  of  the  gradual 
breaking  up  and  separation  of  once  continuous  land,  so  that  a  nou-flying 
bird  once  produced,  might  afterwaids  vary  into  many  different  kinds  of 
non-flying  birds  in  the  different  separated  areas  derived  from,  or  from 
time  to  time  connected  with,  the  original  area. 

As  a  contrast  to  birds  that  cannot  fly  at  all,  we  may  instance  many 
oceanic  birds  who  seem  to  pass  their  lives  upon  the  wing,  and  yet  never 
or  very  rarely  overstep  certain  limits.  In  the  south  Indian  Ocean, 
between  the  Cape  of  Good  Hope  and  Australia,  the  sea  is  always  alive 
with  birds  south  of  latitude  31°  or  32°,  while  to  the  north  of  that  line 
none  are  seen  except  an  occasional  tropic  or  frigate  bird.  Towards 
the  south  flocks  of  albatrosses  and  cape  pigeons  seem  as  if  always  ac- 
companying the  vessel  in  its  course,  the  cape  pigeons  always  busy  about 
the  ship,  while  the  great  albatross  {Diomedea  exulan^),  and  the  still 
more  numerous  dusky  species  (/>.  fuli/jinosa)  ever  sweep  in  steady  cun'es 
between  the  ship  and  the  horizon,  now  sailing  close  by  the  rigging  and 
eyeing  the  persons  standing  on  the  poop  and  then  gliding  out  of  sight 
^ead,  as  if  the  vessel  were  at  anchor.  If,  however,  the  ship  turn 
towards  the  north  and  pass  the  limit  mentioned  above,  all  these  hosts 
of  birds  disappear  at  once,  nor  are  they  ever  seen  again  till  the  navi- 
gator return  to  the  south  when  he  finds  fresh  flocks  as  if  awaiting  his  arrival. 

c,  Mammalia. — We  find  similar  restrictions  as  to  the  ureas  inhabited 
by  species  or  groups  of  species  among  the  highest  class  of  aninuilH,  namely, 
the  mammalia.  In  the  Arctic  regions,  indeed,  we  find  nmny  iiniiimlH, 
such  as  the  musk  ox,  the  polar  bear,  and  the  night  noillicru  wlmhs  luul 
others,  both  terrestial  and  marine,  conmion  to  the  wlioU^  cirdo.  Hut  iis 
we  travel  south,  and  the  lands  and  seas  begin  to  divcrgn  from  i'nch 
other,  the  animals,  even  in  corresponding  latitudes  cmd  Hiniilur  cliniuteM, 
soon  become  diverse.  The  black  and  grizzly  bears  are  American  only, 
the  brown  bear  is  an  old  world  inhabitant  only.  Still  further  south, 
the  pimia  and  jaguar  of  America  represent,  but  are  veiy  difiVrent  from, 
the  lion  and  the  leopard  of  the  Old  World.  Tlie  camels  und  dromedaries 
of  the  Old  World  are  similarly  represented  by  the  llamas  and  guanacoes 
of  the  New ;  and  each  great  division  of  the  globe  is  inhabited  by  many 
different  species  of  deer  and  other  corresponding  animals.     The  monkeys 
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may  be  (li\'ided  into  three  groups,  the  Catarhini,  belonging  to  the  oM 
world,  the  Platyrhini,  to  the  new,  and  the  Strepsirhini,  most  of  whidi 
belong  to  Madagascar. 

Til  ere  are,  however,  many  groups  of  animals  wholly  confined  to  one 
of  the  great  di^^8ion8  of  land 

No  true  pig  (Sus)  was  a  native  of  America,  the  peccaries  (Dicotylo) 
are  American  only.  There  are  now  no  representatives  in  the  American 
continent  of  the  elephants,  rhinoceroses,  hippo}>otami,  or  giraffes  of  the  Old 
World,  while  the  sloths  {Bradifpus)^  tlie  anteaters  {MyrtMcophaffu»)y 
and  the  armadillos  {Ddft/pus)^  are  not  met  with  out  of  America.  There 
is  indeed  a  })angolin  (Afanis)  in  Africa,  and  another  in  Asia,  and  an 
Orycteropus  in  Africa,  otherwise  the  whole  order  of  Edentata  would  be 
entirely  American. 

There  is,  however,  a  still  closer  restriction  among  the  species  of 
each  of  these  animals.  One  sjwcies  of  elephant  is  peculiar  to  Africa, 
and  another  to  India,  and  i>erhap8  a  third  to  Ceylon  and  Sumatra. 
There  are  three  species  of  double-homed  rhinoceroses  in  South  Africa, 
and  one  in  the  island  of  Sumatm,  Java  having  another  with  oxdy  one 
horn.  There  are  different  species  of  sloths,  anteaters,  and  armadillos 
in  diflferent  regions  of  South  America. 

The  Marsupial  animals  are  now  confined  to  Australasia,  with  the 
exception  of  one  genus,  the  didelphys  or  true  opossum,  which  is 
American  only,  some  of  its  species  being  restricted  to  very  narrow 
limits.  In  Australasia  the  Marsupials  of  New  Guinea  are  entirely  and 
some  of  them  widely  distinct  from  those  of  Australia  proper,  and  in 
Australia  itself  the  kangaroos  and  wallibis,  and  phalangers  are 
diflferent  in  different  parU  of  the  country.  Mr.  Gilbert,  who  was  col- 
lecting for  Mr.  Gould,  and  unfortunately  lost  his-life  in  Dr.  Leichardt'fl 
first  expedition,  informed  me,  when  I  met  him  at  Swan  River,  that  with 
the  exception  of  the  £chi(hia,  or  so  called  Australian  porcujiine,  he  had 
not  been  able  to  find  a  single  anuual  or  a  single  bird  among  all  those 
he  had  collected  in  Western  Austmlia  that  was  identically  the  same  at 
any  in  New  South  Wales.  Tlie  lesser  island  of  Tasmania  has  the  two 
largest  and  most  powerful  carnivorous  Marsupials  absolutely  peculiar 
to  it,  those,  namely,  which  are  called  the  Native  Tiger  (Thylacinus 
cynoceplialus),  and  the  Devil  (Sarcophilus  (Dasyurus)  ursinus). 

That  strange  animal,  the  duck-billed  Platypus,  or  Ornithorhynchus 
paradoxus,  appears  to  be  confined  entirely  to  the  south-eastern  comer 
of  Australia. — i^e  OverCs  Presidentuil  Address,  previously  ciud,  Johfi' 
stones  Physical  Atlas,  etc.,  etc.,  etc.) 

Generic  Centres  and  Districts. — ^That  any  one  species  should  be 
confined  within  certain  limits  round  its  point  of  origin  seems  natural 
or  inevitable  as  the  direct  result  of  the  action  of  climate,  or  the  physical 
limitation  of  the  land  or  water  area  in  which  it  came  into  existence. 
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It  is,  however,  very  worthy  of  notice,  that  those  groups  of  allied 
species,  which  we  call  genera,  are  equally  circumscribed. 

Why  should  different  species  of  opossum  (Didelphys)  have  originated 
in  America,  side  by  side  with  each  other,  and  nowhere  else  ?  Why 
should  different  species  of  kangaroo  (J/acn;piw),  and  other  -marsupial 
genera  have  originated  in  Australia  or  Australasia,  and  in  no  other 
part  of  the  world? 

If  the  limits  of  a  species  be  the  natural  result  of  the  descent  of  the 
individuals  composing  it  froih  a  common  mother,  does  not  the  limita- 
tion of  a  genus  point  equally  to  descent  from  a  common  species?  The 
same  question  might  be  asked  as  to  the  limitation  of  the  different 
genera  comprising  a  family  or  order,  making  allowance  for  the  obvious 
condition  iJiat  the  larger  the  group  of  species  (genus,  family  or  order) 
the  larger  is  the  area  likely  to  be  occupied  by  it,  and  its  limitation  will 
become  therefore  less  and  less  obvious.  The  fact,  however,  tluit  genera 
(of  whatever  extent)  are  geographically  limited,  is  one  that  Ib  provable 
by  many  examples  both  among  plants  and  animals.  Edwaixl  Forbes 
insisted  on  it  strongly,  and  pointed  out  that  genera  had  their  centres 
where  their  sjifcies  were  most  numerous  and  flourishing,  in  the  same 
way  that  sjyecits  had  tbeir  centres  where  the  individuals  flourished 
best,  and  tliat  receding  from  those  centres,  both  vertically  and  laterally, 
indiWduals  in  tlie  one  cat^,  and  species  in  the  other,  gradually  faded 
away  till  at  certain  limits  they  ceased  to  exist. 

These  fjicts  are  highly  suggestive  when  we  come  to  speculate  on  the 
origin  of  the  various  forms  of  life  upon  the  globe.  They  seem,  in  con- 
nection with  the  geological  history  of  some  species  and  genera,  to  have 
originated  in  Cliarles  Darwin's  mind  those  speculations  of  which  we 
liave  already  received  the  first  fruits  in  lus  higlily  philosophical  and 
original  work  on  the  "  Origin  of  Species." 

Breaking  up  of  Generic  and  Specijic  Areas  by  Geological  changes. 
— Certain  facts  in  distribution  at  the  present  day  which  seem  to  mili- 
tate against  the  tnith  of  the  limitation  of  genera  (and  ]>eThaps  of 
species  also),  are  ea^^ily  explained  when  we  learn  their  geological  his- 
tory. Edward  Forbes,  for  instance,  pointed  out  that  the  genus  Mitra 
has  at  the  present  day  its  centre  in  his  central  homoiozoic  belt,  its 
area  extending  thence  through  the  two  circumcentral  and  into  the  south 
neutral  belt,  but  that  one  outlying  species,  Mitra  Greenlandica  was 
found  in  the  north  })olar  belt.  This  detached  species,  which  seemed  to 
form  so  striking  an  exception  to  the  doctrine  of  continuous  generic 
areas,  is,  however,  kno>vn  to  have  once  formed  })art  of  the  great  generic 
area  of  Mitra,  inasmuch  as  Mitno  of  other  species  formerly  existed  in 
the  intermediate  space.  Tlie  extinction  of  the.se  species  of  Mitra  has 
broken  up  tlie  once  continuous  area ;  and  it  is  probable  that  the  many 
physical  changes  that  have  taken  place,  and  the  mutations  between 
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land  and  sea,  and  height  and  depth  of  either,  have  in  many  instances 
broken  up  generic  and  specific  areas,  and  either  contributed  to  their  dis- 
persion, or  ]>erhaps  in  some  cases  aided  in  restricting  them  within  still 
narrower  limits. 

A  little  consideration  will  shew  that  if  the  individuals  of  a  species, 
or  the  species  of  a  genus,  be  rare,  and  their  limits  narrow,  it  may 
be  either  in  consequence  of  their  being  new,  only  just  beginning  to 
make  their  way  in  the  world,  or  because  they  are  old  and  dying  out 
If  they  be  found  in  t^^'o  or  three  localities  widely  apart,  the  latter  is 
almost  certainly  the  true  state  of  the  case.  There  is  a  genus  of  fresh- 
water fish  called  Coregonus,  the  porran  of  Cumberland,  the  poUan  of 
Lough  Neagh,  the  Gwynniad  (or  white  fish)  of  Bala  Lake,  the  white 
fish  (or  freshwater  herring)  of  the  North  American  lakes,  other  species 
being  found  in  the  Siberian  rivers.  Some  of  the  North  American  and 
Siberian  species  are  very  abundant  in  their  several  localities  (see 
Richard^on^s  Polar  Regioii^^  but  those  of  the  British  lakes  are  rare 
fish,  only  occurring  in  the  detached  lakes  mentioned  above,  and  only 
to  be  seen  at  particular  seasons  even  in  them.  They  are,  doubtless, 
remnants  of  those  which,  when  the  arctic  climates  of  North  Siberia  and 
America  extended  over  the  British  islands  and  the  whole  northern 
area  of  the  world,  were  equally  abundant  over  the  whole  of  that  ares, 
and  are  now  approaching  extinction  in  different  isolated  localities  of 
the  area  whei-e  arctic  climates  no  longer  prevail 

The  geological  bearings  of  the  facts  of  the  geographical  distribution 
of  organic  beings  at  the  present  time  now  become  apparent,  and  two 
other  instances  may  be  briefly  given. 

It  is  said  that  the  existing  fauna  and  flora  of  North  America  have 
remarkable  generic  and  ordinal  analogies  "v^dth  those  which  prevailed  in 
Euroi)e  during  a  recent  tertiary  age.  There  is  perhaps  a  closer  relation 
between  those  recently  extinct  European  genera  of  animals  and  plants 
and  the  existing  North  American  ones,  than  there  is  between  the  latter 
and  the  present  European  genera.  It  is  possible,  therefore,  that  the 
present  European  fauna  and  flora  may  be  of  more  recent  date  than 
those  of  North  America ;  that  genera  and  species,  once  common  to  the 
two  continents,  have  remained  less  changed  in  North  America  than  in 
Europe,  where  they  have  become  extinct  by  some  of  the  actions  pre- 
viously alluded  to,  and  have  been  replaced  by  other  forms.  The 
climate  of  North  America  has  j)robably  been  less  altered  since  the 
glacial  period  than  that  of  Europe  has. 

Another  set  of  facts  is  still  more  remarkable.  The  animals  and 
plants  of  Australia  are  very  pecidiar,  and  many  of  them  such  as  are 
foimd  nowhere  else  living  in  the  world.  Now,  some  of  the  marine 
shells  and  some  of  the  land  animals  and  plants  more  resemble  those 
found  fossil  in  rocks  deposited  during  an  early  geological  period  (the 
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Oolitic)  in  our  part  of  the  world,  than  they  do  any  other  ordinal  or 
generic  types.  It  is  possible,  therefore,  that  the  fauna  and  flora  of 
Australia  are,  as  it  were,  the  remnant  of  that  which,  during  the  Oolitic 
period,  was  common  to  the  whole  globe,  but  which  has  everywhere 
else  been  superseded  by  the  introduction  of  new  generic  and  ordinal 
forms. 


CHAPTER   XKJY. 

THE  LAWS  AND  GENERALISATIONS  OF  PAUEONTOLOGY. 

77ie  Kinds  of  Animals  and  Plnnts  most  likeli/  to  occur  Fossil, — 
The  tocks  in  wliich  organic  remains  are  found  are  aqueous  rocks,  princi- 
pally marine.  We  sliould,  therefore,  naturally  expect  the  inclosed 
fossils  to  be  the  remains  of  ac^uatic,  principally  marine,  beings.  In  the 
vegetable  kingdom,  at  the  pi*esent  day,  the  vast  majority  of  the  species 
are  terrestrial,  while  in  the  animal  kingdom  there  is  an  almost  equal 
majority  of  aquatic  species.  Among  the  Vertebrata,  for  instance,  we 
have  two  orders  of  Mammalia  entirely  aquatic,  a  large  part  of  the 
Reptiles  and  Amj>hibia,  and  the  whole  of  the  Fish.  In  the  sub-king- 
dom Annulosa,  the  insects,  indeed,  like  the  biixls  among  the  Vertebrata, 
are  chiefly  terrestrial  or  aerial ;  but  the  Crustacea  are  chiefly,  and  the 
Echinodermata  entirely,  ac^uatic.  The  exceptions  to  the  aquatic  charac- 
ter of  the  reyt  of  the  whole  animal  kingdom,  including  the  Mollusca 
and  the  other  sub-kiiigdoms,  are  very  few  and  comparatively  unim- 
portant, the  Pulmonata,  or  land  snails,  being  the  pidncipal  one. 

This  at  onc^»  gives  us  a  reason  for  the  fact  of  the  remains  of  animals 
being  more  numerous  than,  those  of  plants,  and  of  aquatic  animals  than 
those  li\4ng  on  land.  Even  where  they  occur  in  equal  abundance, 
animal  remains  are  more  importiint  jthan  vegetable,  inasmuch  as  it  is 
more  easy  to  anive  at  definite  conclusions  as  to  the  nature  and  the  habits 
of  the  once  living  beings  from  the  examination  of  a  fragment  of  an  ani- 
mal than  from  that  of  a  plant.  A  single  scale,  or  tooth,  or  fragment  of 
bone,  or  shell,  will  often  reveal  to  the  comparative  anatomist  the  whole 
history  of  an  animal  which  he  certainly  never  stiw,  and  of  which,  per- 
haps, the  only  known  traces  may  be  that  solitary  fragment.  The  bota- 
nist is  not  in  equally  favourable  circumstances  for  determining  the 
histoiy  of  a  fossil  plant,  since  a  piece  of  a  stem  or  a  leaf  will  rarely 
do  more  than  enable  him  to  determine  wliich  great  division  of  the 
vegetable  kingdom  the  living  plant  belonged  to  ;  while  the  }>arts,  such 
as  the  flower,  on  which  he  mainly  depends  for  more  exact  determina- 
tion, are  scarcely  ever  preserved  in  a  fossil  state. 

It  is  to  the  terrestrial  animals,  as  most  important  to  us  economi- 
cally, and  most  frequently  before  our  eyes,  that  we  are  naturally  accus- 
tomed to  look  as  our  fellow-inhabitants  of  the  globe,  but  in  reality,  if 
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we  except  the  terrestrial  Mammalia,  the  Birds  and  the  Insects,  almost 
all  the  infinite  varietj  and  abundance  of  other  animals  live  in  the  water. 
We  should  therefore  naturally  expect  to  find,  as  we  do,  portions  of  all 
the  other  kinds  of  the  animal  kingdom  in  great  plenty,  while  remains 
of  Mammalia,  of  Insects,  and  of  Birds,  must  be  comparatively  rare. 

It  is  necessary  to  take  these  considerations  strictly  into  account  be- 
fore we  found  any  reasoning  upon  the  negative  evidence  of  the  absence 
of  terrestrial  animals  or  plants  in  a  fossil  state. 

Veiy  important  conclusions  are  doubtless  to  be  drawn  from  the 
study  of  the  terrestrial  kinds  when  they  do  occur  fossil ;  but  even  then 
their  practical  value  to  the  geologist  is  often  small,  on  account  of  their 
rarity.  Many  of  the  extinct  species  and  genera  of  Monunalia,  for  in^ 
stance,  are  founded  upon  the  occurrence  of  single  fragmentary  speci- 
mens, or  of  not  more  tlian  two  or  three  specimens  ;  fossil  Fish  are  more 
numerous,  but  the  testaceous  (or  shell-bearing)  Molluscs,  the  Crus- 
tacea, the  Echinodei  inata,  and  the  Corals,  occur  by  hundreds  and 
thousands,  mountainous  masses  of  rock  being  in  some  coses  mode  up  of 
them. 

We  might  accordingly  take  any  one  of  these  lost  mentioned,  and 
compare  the  different  assemblages  of  them  found  fossil  in  different  for- 
mations, with  the  expectation  of  arriving  at  some  definite  conclusion  as 
to  their  history.  Of  all  fossils,  however,  the  Mollusca  afTonl  to  the 
poksontologist  the  most  complete  and  unbroken  scale  of  comparison  on 
account  of  their  number,  their  variety,  and  the  comparative  com- 
pleteness of  the  presentation  of  their  fossil  ports,  and  the  consequent 
facility  of  determining  their  nature  ond  habits. 

Numbfr  of  British  Fossil  Animals  and  Plants  compared  with  exist- 
ing British  Species. — ^The  British  Islands  ore  included  within  the  Celtic 
province  of  Edward  Forbes ;  and  considering  the  diversity  in  the  forms 
of  the  land  and  the  distribution  of  land  and  water,  the  variety  of  "  sto- 
tion,"  and  of  the  climate  and  siurounding  circumstonces,  we  may  assume 
thot  they  afford  us  a  fair  examjde  of  what  the  terrestrial,  fresh-water,  and 
marine  fauna  and  flora  of  o  province  ought  to  be.  They  contain,  perhaps, 
as  great  an  abundance  of  species  as  any  other  region  of  equal  extent,  out 
of  the  tropics,  and  more  than  many  equal-sized  districts  within  them. 

In  the  following  table  I  have  been  assisted  by  my  friend  and  col- 
league Dr.  Kinahan  in  stating  the  numbers  of  living*  species.  The 
numbers  of  fossil  animals  and  plants  ore  those  given  by  Professor  Morr'a 
in  his  Catalogue  of  British  Fossils,  o  book  which  every  working  geolo- 
gist knows  to  be  indisjyensable  to  his  labours. 

*  It  is  i)os!iible  that  the  o))inion  of  natnrali.stfl  might  diflVr  as  to  the  precise  niinibcra 
stated  in  thiH  table,  but  the  ctitTerenee  would  not  greatly  allect  the  conclnsionH  drawn  from 
it.  It  would  matter  little  to  the  argument  whether  the  tnie  proportion  between  the  living 
and  extinct  British  testaceous  Molluscs  be  1 :  R  or  1 : 9  or  1 :  10. , 
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LIVING  AND  FOSSIL  SPECIES  COMPABED. 


Livn^G  AND  Fossil  Species  of  the  Bbitish  Islands. 


No.  of  Species  Living. 

NcofFoMU 
Species. 

Proportioaof 
living  to  FofsU. 

Z' 1600  flowering.        \ 

PlftTltS .       .      . 

J  2800  cryptogamic.    V 

655 

670  :  100 

(4400                          ) 

Zoophytes*  . 

70 

435 

100  :  620 

Polyzoa    .     . 

70 

258 

100  :  370 

Testaceat 

513 

4590 

100  :  890 

Echinodermata 

70 

492 

100  :  700 

Crustacea  t    , 

225 

298 

100  ;  130 

Fishes      .     . 

162 

741 

100  :  460 

Reptiles  .     . 

18 

180 

100  :  1000 

Birds  .     .     . 

332 

11 

3000  :  100 

Mammals 

70 

1I0§ 

100  :  157 

Perhaps  the  most  unexpected  result  of  the  preceding  table  is  that 
the  extinct  fossil  Mammalia  of  the  British  Islands  are  more  numeraus 
in  species  by  one-half  than  the  existing  MammalB.  This  at  once  pre- 
pares us  for  the  belief  that  if  our  present  fauna  is  a  good  example 
of  what  the  population  of  a  province  ought  to  be,  the  fossil  fauna  must 
represent  more  than  one  such  population. 

If  we  turn  to  the  Testacea  as  our  best  guide,  we  find  that  the  fossil 
species  known  are  nearly  nine  times  as  nimierous  as  the  living  species. 
If,  indeed,  we  excluded  the  land  and  fresh-water  shells  from  each  side 
of  the  comparison,  we  should  find  the  fossil  marine  testaceous  MoUusca 
more  than  ten  times  the  number  of  the  living  ones.  Our  conclusion 
must  be,  that  there  are  buried  in  the  British  Islands  the  remains  of  at 
least  ten  complete  populations  of  Mollusca,  each  as  numerous  in  species 
as  those  now  living  in  the  seas  around  us.  But  as  a  matter  of  fact, 
while  the  existing  population  is  almost  entirely  known  from  recent 
most  elaborate  researches,  the  extinct  populations  are  yet  very  imper- 
fectly known  ;  and  some  great  groups  aud  formations  exist  in  which  few 
or  no  fossil  Mollusca  have  yet  been  found ;  and  therefore  we  may  feel 
assured  that  the  number  of  fossil  Mollusca  are  in  reality  the  represen- 

*  Principally  Corals,  as  they  are  commonly  called, 
f  Under  Testacea,  all  the  shell-bearing  Molluscs  are  indnded. 

X  Under  the  living  Crustacea,  the  Cirripedia  are  not  included.   (Proximate  only,  probably 
300  species  are  known.) 

§  Morris  gives  only  90 ;  the  new  discoveries  raise  the  number  to  108,  or  110  at  least 
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tatdves,  more  or  less  imperfect,  of  mucli  nwrt  than  ten  populations  of  the 
past  which  have  died  away  and  become  extinct 

This  conclusion  is  confirmed  by  examining  the  other  classes  of 
aquatic  animals,  the  fossil  Fish  for  instance  are  nearly  five  times,  the 
Echinodermata  seven  times,  the  Zoophytes  more  than  six  times,  and  the 
Reptiles  ten  times  more  numerous  than  our  living  ones,  most  of  these 
classes  having  been  still  more  partially,  and,  as  it  were,  capriciously, 
preserved  than  the  Mollusca. 

TJie  Modes  of  Occurrence  of  Fossils, — Organic  remains  may  be  either 
included  in  the  aqueous  rocks  in  the  very  spot  where  they  lived,  or 
close  to  it,  or  may  have  been  floated  or  drifted  by  the  water  to  some 
distant  spot  after  death,  or  swept  into  the  water  from  the  land.  Any 
remains  floating  for  some  distance  in  water,  and  slowly  sinking  to  the 
bottom  of  it,  or  drifted  for  any  distance  along  the  bottom,  will  give  us 
no  information  as  to  the  habits  or  "  station"  of  the  species  when  living. 
We  may  get  fragments  of  land  plants  or  animals  included  in  beds  de- 
posited in  deep  sea  at  a  distance  from  shore,  or  fragments  of  animals 
that  lived  in  clear  water  deposited  in  mud  or  silt,  or  of  animals  that 
lived  in  sand  or  mud  inclosed  in  limestone  formed  in  clear  water. 
These,  however,  are  the  exceptions  rather  than  the  rule,  and  in  the 
majority  of  instances  the  fossils  found  in  rocks  lived  on,  or  close  to,  the 
spot  where  they  were  buried,  so  that  in  pure  limestone  we  get  the 
remains  of  animals  that  lived  in  clear  water,  while  in  sandstones  and 
clays  we  get  the  shells  and  other  animals  that  preferred  to  live  in  or  on 
sandy  and  muddy  bottoms. 

Hence  when  we  examine  any  group  of  aqueous  rocks,  that  is  made 
up  partly  of  calcareous,  and  partly  of  arenaceous  and  argillaceous  rocks, 
we  should  expect  to  find  a  difference  in  the  fossils  according  to  the  dif- 
ference in  the  nature  of  the  rock.  Fossils  are  in  general  much  more 
numerous  in  limestone  than  in  any  other  kinds  of  rock,  because  lime- 
stone is  chiefly  derived  from  the  remains  of  animals  ;  but  certain  kinds 
of  fossils,  even  certain  species  of  shells,  are  found  mostly  in  sandstone, 
others  mostly  in  mud  or  clay.  Land  plants  and  other  terrestrial  pro- 
ductions are  found  nmch  more  frequently  in  arenaceous  and  argillaceous 
rocks,  because  these  are  more  usually  deposited  near  the  land  than  cal- 
careous rocks  are. 

These  general  statements  must  of  course  be  taken  as  mere  generali- 
zations, admitting  of  many  exceptions,  and  must  not  be  construed  into 
absolute  rules  rigorously  governing  particular  cases.  Allowing,  then, 
for  exceptions  arising  both  from  the  drifting  of  organic  remains  before 
they  are  buried,  and  from  abnormal  variations  in  the  deposition  of 
diflerent  kinds  of  rock-material,  we  shall  find,  in  each  group  of  rocks, 
limestone  fossils,  and  sandstone  and  clay  fossils. 

A  series  of  groups  of  beds,  then,  will  contain  different  fossils  in 
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different  parts,  the  difference  arising  from  two  different  sets  of  circum- 
stances, viz. — 

Ist,  In  consequence  of  a  change  in  the  nature  of  the  rock,  or  a  dif- 
ference of  station  at  any  one  period  of  time  ; 

2d,  In  consequence  of  a  change  in  the  species  of  the  organic  beings, 
during  the  lapse  of  time  as  we  pass  from  one  great  period  to  another. 

We  may  represent  this  law  of  the  distribution  of  fossils  by  the  fol- 
lowing diagram  : — 


Fig.  105. 

Let  fig.  106  represent  a  section  through  a  great  series  of  rocks  made 
up  of  alternations  of  argillaceous  rocks  represented  by  lines,  arenaceous 
rocks  represented  by  dots,  and  calcareous  rocks  represented  by  the  plain 
bands.  Let  the  series  be  divisible  into  three  groups.  A,  B,  G  ;  then  in 
the  lower  group  A,  we  may  find  certain  fossils  peculiar  to  the  argil- 
laceous beds,  let  us  call  those  fossils  the  a  assemblage,  certain  others 
peculiar  to  the  arenaceous  beds  let  us  call  those  by  and  others  to  the 
calcareous  which  we  may  call  c. 

Throughout  that  group  of  rocks  these  peculiar  assemblages  of 
fossils  may  recur  wherever  we  get  the  peculiar  kind  of  rock.  The 
a  fossils  in  the  lowest  set  of  clay  beds  will  be  replaced  by  the  h 
fossils  in  the  sandy  beds  above  them,  but  the  a  fossils  would  recur 
when  we  examined  the  next  superior  set  of  clay  beds.  If  over 
those  we  met  with  a  set  of  limestone  beds,  we  should  find  the  c 
fossils  in  them  ;  and  so  as  we  crossed  the  successive  outcrops  of 
the  beds,  and  came  to  others  similar  in  lithological  character  to  those 
we  had  left,  we  should  find  similar  fossils  recurring,  the  a  fossils  in  the 
argillaceous  beds,  the  h  fossils  in  the  arenaceous,  and  the  c  fossils  in  the 
calcareous.  This  change  in  the  assemblages  of  fossils  might  take  place 
equally,  whether  the  change  in  the  nature  of  the  rocks  took  place  late- 
I'ally  as  they  ranged  across  a  country,  or  vertically  as  the  beds  suc- 
ceeded each  other  in  order  of  superposition.  We  should  then  include 
the  whole  assemblages  a  -{-h  -^^  c,  when  we  spoke  of  the  fossils  that 
were  peculiar  to  the  whole  group  of  rocks  A. 

There  might  also  very  possibly  be  a  certain  mixture  of  fossils 
throughout,  or  certain  species  might  range  throughout,  independent  of 
those  which  were  peculiar  to  the  different  kinds  of  rock. 

When  we  passed  beyond  the  limits  of  the  group  A  into  that  of 
group  B,  we  should  then  find  an  assemblage  of  fossils  of  altogether  a 
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different  kind.  Oronp  B  might  equally  be  made  up  of  sets  of  argilla- 
ceous, arenaceous,  and  calcareous  rocks  ;  and  each  of  these  sets  might 
contain  peculiar  assemblages  of  fossils,  which  recurred  in  any  part  of 
the  group  whenever  the  peculiar  kind  of  rock  recurred.  Moreover, 
there  might  be  little  or  no  difference  between  the  clayey  rocks  of 
group  £  and  those  of  group  A,  and  the  sandstones  and  limestones 
of  each  might  be  equally  similar,  so  that  no  one  could  distinguish 
between  the  beds  of  group  B  and  those  of  group  A,  by  any  difference 
in  the  nature  of  the  rocks.  Tlie  fossils,  however,  might  be  so  diBBimilar 
that  the  two  groups  might  not  have  a  single  species  in  common  ;  or 
the  common  species  would  at  all  events  be  a  very  small  proportion 
of  the  whole.  The  limestones  of  B  woidd  have  an  assemblage  of 
fossils  we  may  call  h,  its  clays  one  we  may  call  y,  and  its  sands  one 
we  may  call  / ;  and  the  total  assembhige  /  +  ^  +  >^,  together  perhaps 
with  others  common  to  the  whole,  would  be  the  x>eculiar  fossils  of  the 
group  B. 

Similarly  the  group  C  might  have  its  argillaceous  fossils  /,  its  cal- 
careous or  limestone  fossils  m,  and  its  sandstone  fossils  n,  each  recurring 
in  diffei-ent  parts  of  the  group  according  as  the  kinds  of  rock  recurred, 
the  whole  assemblage  ^  +  »*  +  ?i  being  the  peculiar  fossils  of  C. 

Tlie  student  must  not  expect  to  lind,  in  any  district,  formations 
containing  such  a  frequent  recurrence  of  different  kinds  of  rock  all 
fossiliferous,  as  we  have  supposed  in  the  diagram,  and  each  assemblage, 
either  of  the  smaller  single  groups,  or  of  theb  triplicate  unions,  so  neatly 
distinguished  from  each  other  as  is  here  represented. 

Sufficient  examples,  however,  could  be  easily  adduced  to  shew  the 
tendency  of  natural  operations  towards  such  a  state  of  things,  and  that 
if  circumstances  had  allowed  of  the  production  of  alternating  groups  of 
beds  all  contiiiuing  the  remains  of  the  animals  that  lived  during  the 
periods,  on  the  different  kinds  of  sea  bottom,  we  should  then  have  had 
a  series  exactly  answering  to  the  one  supposed  above. 

Tliis  would  have  been  the  case  indeed  throughout  the  whole  series 
of  stratified  rocks,  if  it  had  been  possible  for  deposition  of  beds  and 
entombment  and  preservation  of  organic  remains  to  have  been  con- 
tinuous. It  has,  however,  been  already  remarked  that  the  deposition  of 
the  materials  of  rock  is,  and  has  always  been,  the  exception,  not  the 
rule,  and  that  all  our  beds  of  rock  were  formed  at  intervals  with  long 
pauses  of  non-production  between  them.  When  we  add  to  that  the  fact 
that  the  entombment  and  preservation  of  organic  remains,  especially 
in  clays  and  sands,  must  have  been  an  equaUy  exceptional  act,  and  that 
our  series  of  fossils  contains  but  a  few  scattered  fragments  of  the  vast 
series  of  foniis  of  life  that  have  inliabited  the  globe,  we  shall  feel  at 
once  that  we  can  glean  from  them  only  a  few  faint  sketches  of  the 
laws  which  have  governed   the  distribution  of  these  fonns,  and   not 
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look  for  a  perfection  and  completeness  of  evidence  which  the  nature  of 
the  case  renders  impossible. 

Tke  Oeogi^phical  Distribution  of  Species  in  past  time.  —  When 
geologists  first  learnt  that  groups  of  rock  beds  were  very  widely  spread 
over  large  areas,  and  occurred  in  a  certain  order  of  superposition  within 
those  areas,  and  gave  names  to  these  groups  derived  from  their  litholo- 
gical  character,  such  as  "  the  Chalk "  '"  the  Oolite,"  "  the  Mountain 
Limestone,"  "  the  New  or  Old  Red  Sandstone,"  they  naturally  were 
inclined  to  extend  the  boundaries  of  these  groups  of  rock  indefinitely, 
and  to  suppose  that  the  very  same  kinds  of  rock  would  be  found  in  the 
same  order  of  superposition  in  all  parts  of  the  earth.  Travellers  did 
not  hesitate  to  speak  of  the  groups  of  rock  which  they  found  in  new 
countries  by  these  names,  trusting  simply  to  the  nature  of  the  rock  for 
their  identification. 

In  like  manner,  when  more  notice  was  taken  of  the  fossils  contained 
in  these  "  formations,"  and  observers  looked  to  them  rather  than  to 
mineral  characters,  for  their  identification  of  a  formation,  they  were  at 
first  naturally  inclined  to  conclude  that  these  fossils  would  be  common 
to  the  same  formation  all  over  the  earth. 

There  is  certainly  a  much  closer  resemblance  in  the  organic  remains 
found  in  distant  parts  of  the  same  formation  than  there  is  in  its  litho- 
logical  characters,  nevertheless  thei^e  is  in  many  cases  a  difference  in 
their  species  which  is  due  to  the  influence  partly,  perhaps,  of  difference 
in  climate,  but  chiefly  to  the  fact  of  the  sporadic  origin  and  consequent 
geographical  limitation  of  species. 

Even  in  the  earliest  periods  of  the  earth's  history  which  we  know 
anything  about,  the  species  of  the  genera  or  orders  which  existed  in 
those  times  were  evidently  limited  to  certain  provinces,  as  species  are 
now.  Different  species  having  come  into  existence  at  certain  spots  in 
different  parts  of  the  earth,  the  individuals  of  those  species  spread 
aroimd  their  centres  so  far  as  "  climate"  {i.e.,  all  surrounding  circum- 
stances iuchiding  food),  allowed  of  their  diffusion. 

As  climate  is  so  much  modified  by  the  distribution  of  land  and  sea, 
and  of  high  and  low  land,  shallow  and  deep  sea,  and  the  variation  in 
the  currents  of  air  and  water,  it  follows  that  since  the  places  of  land 
and  sea  have  been  continually  changing,  the  climates  of  different  parts 
of  the  earth  must  have  been  frequently  modified,  and  we  know  from 
facts  which  will  be  hereafter  described,  that  the  climate  of  the  whole 
earth  has  also  varied.  The  position,  the  size,  and  the  number  of 
biological  provinces  then  may  have  varied  very  greatly  at  different 
periods  of  the  earth's  history. 

There  may  have  been  formerly  only  a  few  large  provinces  like  that 
of  the  Indo-Pacific  ocean  of  the  present  day.  This  may  especially  have 
been  the  case  if  the  climate  of  the  earth  generally  were  once  more 
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equable  than  it  is  now,  witli  less  cold  in  the  polar  regions,  and  possibly 
no  higher  temperature  within  the  tropics  than  is  felt  in  the  equatorial 
islands  of  our  own  times. 

Under  such  circumstances  it  is  obviously  likely  that  in  former  times 
the  cosmopolitan  species,  or  those  which  ranged  over  the  whole  earth, 
may  have  been  more  numerous  than  they  are  now.  Still,  however 
the  examples  of  the  rule  may  have  varied  from  time  to  time,  it  is  very 
important  to  note  that  the  law  of  the  geographical  limitation  of  species, 
both  laterally  and  vertically,  has  always  prevailed. 

In  examining,  therefore,  the  distribution  of  fossils  in  different  parts 
of  the  earth's  crust,  we  must  bear  in  mind  that  there  are  three  causes 
of  change  in  them  : — 

1.  First  of  all,  within  the  same  biological  province  there  may  have 
been  differences  in  the  '^  stations,**  to  use  the  naturalists'  phrase,  that 
is,  the  place  where  the  fossil  was  buried  may  have  been  at  the  time 
either  sea  or  fresh-water,  deep  or  shallow  water,  near  shore  or  fw  from 
it,  ha\ing  a  muddy  or  a  sandy  bottom,  or  being  a  sea  clear  of  sediment, 
and  the  fossils  entombed  at  these  different  stations  of  the  province  may 
have  varied  accordingly. 

2.  Secondly,  we  may  pass  from  one  "  province"  into  another,  the 
two  provinces  having  been  inhabited  by  different  but  contemporaneous 
groups  of  species. 

3.  Thirdly,  there  may  have  been  a  difference  in  "  time,"  during 
which  a  general  change  had  taken  place  in  the  species,  those  formerly 
existing  having  become  extinct,  and  others  having  come  into  existence 
that  had  not  previously  appeared  on  the  globe. 

Difficulty  in  determining  the  Contemporaneity  of  Distant  Forma- 
tions.— It  has  been  stated  in  the  preceding  chapter,  that  a  change  in 
the  physical  circumstances  of  a  district  may  cause  either  a  local  or  a 
total  extinction  of  species,  according  to  the  rate  and  amount  of  the 
change.  If  the  change  operate  slowly  and  gradually,  the  individuals  of 
the  species  may  have  had  time  to  travel  with  it,  and  to  settle  them- 
selves in  a  new  area,  even  as  a  consequence  of  the  change.  Moreover, 
if  any  species,  originating  in  a  certain  spot,  become  subsequently  cosmo- 
politan, or  very  widely  spread,  this  diffusion  may  require  a  vast  period 
of  time,  so  that,  even  if  the  existence  of  the  species  be  of  equal  length 
at  different  parts  of  the  globe,  the  dates  of  its  commencement  and 
extinction  may  have  been  widely  different  in  those  parts.  It  may  have 
even  become  extinct  in  its  original  centre  before  it  reaches  some  of  the 
more  distant  parts  of  the  whole  area  occupied  by  it. 

The  fact  of  particular  species,  then,  being  common  to  the  rocks 
of  two  distant  localities,  is  by  no  means  a  proof  of  their  being  exactly 
contemporaneous  in  point  of  time.  It  may  prove  the  very  reverse  of 
this.     Strict  contemporaneity  in  the  rocks  of  distant  localities  is  pro- 
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bably  a  very  rare  occurrence,  and  one  which  would  be  very  difficult  to 
prove.  In  speaking  of  the  contemporaneous  rocka,  therefore,  of  two 
localities,  the  student  must  be  prej)ared  for  a  sufficiently  lax  use  of  the 
term  to  include  great  periods  of  time.  Beds  deposited' in  the  English 
Channel  l)efore  the  Romans  visited  Britain,  w^ould  be  looked  upon  by 
future  geologists  as  strictly  contemporaneous  with  beds  forming  now  in 
the  Irish  Sea,  shoiJd  the  two  districts  become  dry  land  ;  and  past  dates, 
separated  by  actual  periods  far  more  vast  than  any  included  within 
historic  times,  woidd  be  equally  looked  upon  now  as  contemporaneous  ; 
the  length  of  time  thus  uncertainly  determined  increasing  probably 
with  the  distance  between  the  two  localities  where  the  rocks  were 
observed. 

These  principles  have  always  influenced  me  from  my  earliest  geo- 
logical days.  In  speaking  of  the  Coal>measures  of  Newfoundland,  in 
my  report*  on  the  geology  of  that  country,  I  limited  myself  to  calling 
them  the  Newfoundland  Coal-meas^ireSy  lea\ing  their  identity,  or  other- 
wise, with  the  Coal-measures  of  other  districts,  an  open  question.  Not 
having  found  any  fossils  in  them  in  my  necessarily  hasty  search,  the 
Newfoundland  Coal-measures  might  be  Tertiary  rocks  for  anything  I 
could  say  to  the  contrary.  Similarly,  in  speaking  of  the  Palaeozoic 
rocks  and  fossils  of  Australia,  I  preferred  always  to  speak  of  them  only 
as  Palaeozoic,  and  forbore  to  discuss  the  question  of  their  identity  in 
time  with  the  Silurian,  Devonian,  or  Carlx)niferous  periods  of  Europe, 
for  which  even  the  identity  of  one  or  two  species  (if  it  occur)  is  not 
altogether  sufficient  evidence,  t 

Barrande's  Colonies. — As  a  corollary  of  the  principles  jurt  now 
stated  may  be  mentioned  M.  Barrande's  doctrine  of  Colonies,  one  of  the 
very  curious  and  remarkable  results  of  his  labours  in  the  Silurian  dis- 
trict of  Bohemia.  If  two  neighbouring  but  distinct  faunas,  A  and 
B,  contemporaneous,  or  A  a  little  the  oldest,  be  separated  by  some 
barrier,  physical,  climatal,  or  depending  on  other  geographical  con- 
ditions, and  a  breach  be  at  one  time  effected  in  this  barrier,  or  a 
temporary  alteration  take  place  in  the  conditions,  some  individuals 
of  the  fauna  B  may  spread  over  part  of  the  province  of  A  ;  but  circum- 
stances not  then  favouring  their  retention  of  these  new  settlements, 
these  colonists  may  die  and  leave  a  small  band  of  their  remains  inter- 
calated between  beds  containing  only  the  remains  of  A.  At  some 
future  period,  perhaps,  circumstances  may  favour  their  extension  far 
and  wide  into  the  province  of  A,  and  become  unfavouitible  to  the  exis- 
tence of  that  fauna,  whicli  will  therefore  become  extinct,  and  the  higher 
rocks  deposited  will  become  filled  with  the  remains  of  B  oidy. 

*  General  Report  of  the  Geological  Survey  of  Newfoundland  during  the  years  1839  and 
1840.    Murray,  1842. 

t  S«e  Sketch  of  Physical  Stmctare  of  AtustraUa  (BooneX  pp.  21,  23. 
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The  little  band,  containing  some  of  the  fossil  forms  of  the  B 
fiauiia,  is  spoken  of  by  M.  Barrande  as  a  "  colony."  It  is  apparently  a 
very  unusual  occurrence,  not  having  yet  been  described  by  any  other 
person  than  M.  Barrande,  nor  having  been  met  with  by  him  except  in 
Bohemia.  His  descriptions  there,  however,  have  been  confirmed  by 
8ir  C.  Lyell,  and  it  is  possible  that  some  similar  circumstance  takes 
place  in  other  districts,  and  has  not  yet  been  recognised,  and  that  some  of 
the  difficulties  in  classification  occasionally  met  with  may  arise  from  it. 

These  difficulties,  and  the  others  arising  from  change  of  rock  and 
change  of  province,  are  always  of  a  minor  character,  affecting  the  deter- 
mination of  small  groups  of  rock  only,  or  raising  doubts  as  to  which  of 
the  great  classes  of  rock  some  particular  local  group  is  to  be  included 
in,  although  there  may  be  no  doubt  as  to  the  great  classes  themselves. 

Necessity  for  settling  the  Chronological  Classification  of  each  large 
Area  separately y  before  forming  one  for  the  whole  Earth, — It  follows,  from 
what  has  been  stated,  that  in  order  to  avoid  error,  each  great  district  of 
the*  earth,  such  as  Europe  or  North  America,  should  be  surveyed  sepa- 
rately, without  reference  to  anything  out  of  the  district,  and  that  the 
order  of  superposition  of  its  strata,  and  their  classification  into  groups 
or  formations,  should  be  settled  independently,  on  evidence  to  be  found 
in  that  district  only. 

When  this  has  been  done,  the  two  series  may  then  be  compared, 
and  the  synchronism  of  different  parts  of  each  may  be  decided  on. 

Western  Europe  (Britain,  France,  and  Germany),  but  England  more 
especially  above  all  other  countries  of  the  world,  affords  the  best  type 
of  a  geological  district  from  the  examination  of  which  a  chronological 
scale  of  classification  can  be  constructed  with  which  to  compare  the 
series  of  rocks  in  other  parts  of  the  world.  Care  must  however 
always  be  taken,  that  this  comparison  with  British  or  European  for- 
mations be  not  pushed  too  far,  until  the  district  to  be  compared  has 
been  worked  out  thoroughly  on  its  own  independent  evidence. 

The  British  scale  of  rocks,  although  the  most  complete  anywhere 
yet  known  within  any  one  district  of  anything  like  equal  extent,  must 
not  therefore  be  assumed  to  be  perfect,  or  to  be  absolutely,  instead  of 
comparatively,  complete.  The  series  of  formations  even  in  Britain  is 
full  of  gaps,  which  are  known  and  acknowledged  ;  those  which  are  still 
unsuspected  are  probably  still  more  numerous. 

Many  of  the  formations,  or  groups  of  stratified  rocks  in  other  parts 
of  the  world,  which  were  at  one  time  thought  to  be  contemporaneous 
with  British  formations,  are  now  known,  or  believed,  to  be  more  or  less 
intermediate  between  them.  This  intercalation  of  periods  of  formation 
in  different  parts  of  the  earth,  and  even  in  different  parts  of  the  same 
district,  will  probably  have  to  be  still  more  extensively  employed 
hereafter. 
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ClaatifcatioH  of  Oroujt  of  Bedi  by  mmru  of  their  Fouil  ConUnU. — 
If  »t-  take  the  British  lelanda  or  any  other  good  typica]  portioD  of  the  ■ 
earth's  surface,  aud  eiamine,  as  far  as  we  can,  its  subtetraneun  Btmcture,  we 
aliall  lind  that  it  ia  made  np  of  a  vast  eeries  of  varioOHly  inclined  stnta, 
which  njipear  at  tlio  surfnce  in  conseijuence  of  their  "  rising"  or  "  crop- 
l)iiig"  out,  one  from  under  anotliL-r,  the  former  extension  of  each  having 
Ixifn  removed  by  the  denudation  wliich  jiroduced  the  surface. 

TliiH  great  scries  is  not  made  of  a  continuous  succession  of  beds, 
neither  are  the  lieds  all  of  one  kind.  The  lines  of  discontinuity,  and 
tlie  changes  in  the  lithologieal  cliaracters  of  the  beds,  have  afforded 
geologists  the  meana  of  separating  the  great  series  into  groups,  to  which 
names  liave  lieen  given.  Most  of  tliese  groups  cont^n  fossils,  some  of 
them  most  nbundiuitly,  large  parts  of  them  even  consisting  entirely  of 
oi^mnic  reuminB.  It  is  obvious  that  in  wu-h  a  series  of  groups  of 
stratified  rocks  rising  out  one  fmni  under  tlie  other,  the  lowest  miist  be 
the  oldest  or  first  formed,  and  that  as  tliey  were  deposited  in  succession 
one  over  the  otlier,  the  newest  must  be  the  uppermost 

Now  it  has  been  discovei^id  tiiat  each  of  these  great  groups  has  an 
assemblage  of  fossils  peailinr  to  il ;  so  that  the  fossils  found  in  one 
group  arc  not  found  in  any  other  group. 

Particular  species  of  fossils  aecm  occasionally  to  range  into  two,  or 
perliaps  even  tliree  adjacent  groups,  occurring  perhaps  in  the  upper 
|iart  of  one  grou]),  ranging  through  the  whole  of  the  group  above  it, 
luid  appearing  in  the  lower  part  of  the  group  above  that.  Some  species, 
on  the  other  hand,  are  found  only  in  a  very  small  part  of  one  group, 
either  throughout  the  lateral  eitcnsion  of  the  beds  wherever  they 
occur,  ot  sometimes  limiteil  to  some  small  locality  in  those  beds. 

What  is  true  of  indiridual  species  is  true  also,  with  a  more  general 
and  wider  application,  of  the  genera  and  families  into  which  those 
species  are  grouped  for  classification. 

Wlien  a  single  species  occurs  abundantly  in  one  or  two  beds, 
throughout  the  extension  of  those  beds,  we  may,  if  we  find  it  con- 
venient, make  a  subgroup  of  those  beds,  and  give  them  a  distinct 
name,  taking  the  occurrence  of  the  species  as  the  characteristic  of  the  beds. 
Such  a  small  set  of  beds,  whether  its  characteristics  be  thus  paheonr 
tological  or  merely  litliological,  is  often  very  useful  as  giving  ns  a 
"  horizon,"  and  enabling  us  to  determine  which  are  the  beds  above  and 
below  it  jrherevcr  we  find  a  portion  of  the  set  exposed. 

When  a  single  species,  or  an  assembhige  of  several  species,  occur  in 
a  group  of  rocks,  whether  large  or  small,  and  liave  never  been  found 
except  in  that  group  of  rocks,  and  are  almost  always  found  wherever 
the  group  extends,  we  may  speak  of  those  as  the  ckwaeterittic  ^pteU» 
of  the  group. 
t         It  occasionally  happens  that  the  fossils  of  such  a  group  are  bo  nearly 
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allied  biologically  that  naturalists  fonn  them  into  a  genus,  or  into  one 
or  two  genera,  which  may  then  be  spoken  of  as  equally  characteristic. 

Sometimes  a  genus,  or  one  or  two  genera,  will  range  through  several 
adjacent  groups  of  strata,  and  these  groups  may  themselves  admit, 
either  from  these  pala)ontologiGal  or  from  other  characters,  of  being 
classed  together  as  a  larger  and  more  general  group. 

In  this  way  we  have  single  beds,  sets  of  beds,  subgroups,  and  groups 
of  be<l8,  and  these  are  spoken  of  as  "  formations"  or  "  systems,"  accord- 
ing to  the  importance  attached  to  their  characteristics  by  their  describer 
or  by  geologists  generally. 

Law  of  approximation  to  Living  Forms. — If  we  walk  through  a 
Museum  in  which  there  is  a  tolerably  complete  collection  of  character- 
istic fossils  derived  from  the  principal  groups  of  stratified  rocks,  and 
those  fossils  are  arranged  as  assemblages  in  the  order  of  super-position 
observed  by  the  rocks  from  which  they  were  derived,  we  could  not  foil 
of  being  struck  with  a  general  law  running  through  them. 

The  fossils  from  the  uppermost  or  newest  rocks,  such,  for  instance, 
as  the  shells,  the  Crustacea,  echinodermata,  and  corals,  would  seem 
quite  familiar  to  ua.  Some  of  the  forms  would  be  absolutely  identical 
with  those  of  species  now  living,  and  even  those  which  we  could  not 
identify  with  any  that  we  knew  anywhere  living  would  still  have 
a  familiar  aspect,  and  closely  resemble  some  living  forms.  If  we  then 
went  from  these  backwards  through  the  dilTerent  assemblages  of  fossils 
brought  from  lower  and  lower  (i>.,  older  and  older)  groups,  the  forms 
would  become  more  and  more  strange  and  unfamiliar  to  us.  This 
strangeness  would  be  more  striking  in  proportion  as  our  knowledge 
of  living  forms  was  accurate  and  exact.  An  accomplished  conchologist, 
for  instance,  would  be  much  more  struck  with  the  contrast  between  the 
recent  and  the  older  extinct  shells,  than  would  one  who,  with  the  usual 
ignorance  of  "educated  persons,"*  knew  no  shells  but  oysters,  mussels, 
cockles,  periwinkles,  and  snails,  and  did  not  feel  very  sure  about  them. 

The  conchologist,  supposing  him  to  have  never  seen  fossil  shells 
before,  would  be  at  once  able  to  declare  the  generic  names  of  those 
coming  from  the  newer  formations,  even  if  the  species  were  new  to 
him.  He  would  say  "  this  is  a  Volute  or  a  Cone,  this  is  a  Venus  or  an  Area, 
although,"  he  might  add,  "  I  never  saw  one  before  having  that  precise 
form  and  those  specific  characters."  But  as  he  traced  the  series 
towards  the  older  groups,  not  only  would  he  find  the  species  of  still 
existing  genera  becoming  stranger  and  stranger,  but  he  would  find  more 

■  The  student  will  please  to  recollect  that  I  am  not  here  Imputing  blame  to  the  "  per- 
sons "  but  to  the  **  education  "  of  the  present  day.  I  have  heard  even  of  Ministers  of  Stato 
holding  ofBces  especially  presiding  over  **  Education,"  who  have  not  hesitated  in  society  in 
London  to  speak  of  scientitic  men  as  "  mere  beetlo-huntera  and  bird-stuffors,"  as  if  such 
occupations  were  beneath  their  notice,  instead  of  being  important  aids  to,  and  worthy  parts 
of,  education. 
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and  more  forms  to  which  he  could  give  no  generic  names  at  alL  He 
would  have  to  invent  new  designations,  and  to  define  or  describe  new 
generic  groups  in  which  to  place  these  older  shells,  so  greatly  would 
their  characters  diverge  from  any  of  the  descriptions  or  definitions  of 
recent  shells. 

The  professor  of  all  other  branches  of  Natural  History  would  find 
himself  in  precisely  similar  circumstances. 

The  conclusions  to  be  drawn  from  these  facts  are  best  stated  in 
another  and  more  natural  way. 

The  animals  and  i)lant8  living  in  the  earlier  periods  of  the  earth's 
geologicid  histor}%  were  very  different  from  those  which  now  exist  upon 
the  globe  ;  and  there  has  been  during  all  succeeding  time  a  succession 
of  fresh  species,  shewing  a  gradual  approximation  in  form  to  those  which 
now  exist. 

Not  only  did  the  older  species  perish  one  after  the  other,  but  most 
of  the  older  genera,  some  families,  and  even  a  few  orders  have  come  into 
existence  and  died  out,  while  those  that  succeeded  them  from  time  to 
time  shewed  forms  that,  with  many  occasional  deviations,  gradually  grew 
more  and  more  like  those  that  now  live.  One  or  two  species  came  at 
length  into  existence  that  still  survive  upon  the  earth,  and  these 
7'€cent  Ri>ecies  became  more  and  more  numerous  until  we  arrive  at  the 
existing  population  of  the  earth  contemporaneous  with  man. 

The  extinction  of  species  is  still  going  on,  man  himself  being  now 
the  most  active  exterminator.  Whether  new  species  have  come  into 
existence,  since  the  introduction  of  man  himself,  is  a  problem  of  which 
a  solution  is,  at  present  at  least,  impossible. 

It  appears  from  the  above  statement  that  the  existing  species  of 
animals  and  plants  came  into  being  slowly  and  gradually ;  but  not  only 
was  this  the  case  \vith  the  species  now  lining,  but  it  must  have  been 
always  the  case  at  every  period  of  the  earth's  history.  The  law  of 
succession  of  species  reigns  throughout  Had  any  intelligent  being 
lived  in  one  of  the  later  Palaeozoic  or  earlier  Secondary  periods,  he 
could  still  have  stated  his  palajontological  researches  in  the  same 
terms  we  ourselves  use.  The  now  extinct  assemblage  of  that  period 
would  then  have  constituted  the  "  existing "  or  "  recent "  species, 
and  ample  evidence  would  have  been  found  in  the  then  recently  de- 
posited rocks  (most  of  which  have  been  long  ago  destroyed),  of  the 
gradually  comijig  in  of  those  species,  and  of  their  mingling  with  species 
then  become  recently  extinct  in  rocks  deposited  just  before  the  com- 
mencement of  the  period. 

Duration  of  Species  Proportionate  to  their  Place  in  the  Scale  of  Ex- 
istence,— It  is  an  obvious  truth  that  the  lowest  forms  of  animal  life  are 
the  most  abundant,  and  this  abundance  increases  in  proportion  to  their 
imnuteness.     It  ^ill  follow  from  this  that  small  forms,  low  in  the 
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scale,  will  last  longer,  in  consequence  of  their  surviving  a  greater  num- 
ber of  hostile  circumstances  than  will  larger  or  higher  forms. 

This  is  in  harmony  with  the  facts  that  some  species  of  Foraminifera 
now  existing  are  the  oldest  of  existing  species;  that  the  species  of 
Mollusca  are  longer  lived  than  those  of  Fish,  and  much  longer  than 
Mammalia  ;  and  that  the  species  which  range  through  two  or  three 
groups  are  rarely  higher  than  Brachiopoda,  or  some  class  of  similar 
rank. 

Forms  oiice  Extinct  necer  Re-appear. — It  is  also  certain  that  species 
that  have  once  become  extinct  have  never  been  again  brought  into  ex- 
istence; and  this  is  true  also  of  groups  of  species  (genera,  families, 
orders).  There  is  no  known  instance  of  any  specific  form  that  has  once 
fairly  died  out  ever  making  its  appearance  again  in  the  deposits  of  any 
subsequent  period ;  and  this  is  true  of  many  groups  of  allied  forms. 
There  are  no  Graptolites  in  rocks  more  recent  than  the  Silurian,  no 
Trilobites  in  any  rocks  more  recent  than  the  Palax>zoic,  no  Ammonites 
in  any  rocks  more  recent  than  Cretaceous,  and  so  on. 

Nevertheless  some  genera,  such  as  Lingula  and  Rhynchonella 
among  Brachiopwlous  bivalves,  and  Nautilus  among  Cephalopods, 
have  survived,  as  genera,  through  a  long  succession  of  species  from 
the  earliest  kno^vn  ages  down  to  the  present  day. 


CHAPTER   XXV. 

SUBJECT  CONTINUED. 

Supposed  Destruction  and  Sudden  Introduction  of  Assemblages  oj 
Species  a  Mistake, — Some  geologists,  trusting  to  the  fact  that  small 
groups  of  beds  can  in  some  cases  be  found  resting  directly  one  on  the 
other,  and  containing  different  groups  of  fossils,  supposed  that  this  must 
have  been  the  result  of  the  sudden  and  wholesale  destruction  of  one 
race  of  animals  and  plants,  and  the  wholesale  introduction  of  new 
races.  This  supposition  rested  on  the  entirely  unwarrantable  assump- 
tion that  these  groups  of  beds  were  deposited  not  only  consecutively 
in  those  localities,  but  with  short  absolute  intervals  of  time  between 
them.  The  reasoning  formerly  used  (i)p.  181,  182)  will  shew  how 
little  trust  could  be  ])laced  in  such  a  conclusion,  even  if  we  were  more 
disposed  than  we  ought  to  be  to  rely  on  mere  negative  evidence. 

"Wlierever  we  get  a  gre^it  formation,  such  as  the  Carboniferous  for- 
mation of  the  BritLsh  Islands,  and  are  able  to  trace  it  over  a  consider- 
able area,  and  study  all  its  vaiieties  of  interstratification  of  groups  of 
rock,  we  find  the  same  characteristic  species  ranging  throughout  the 
whole  vast  series  of  rock,  occurring  in  different  parts  of  the  formation 
according  to  the  accidental  cii-cumstimces  of  the  different  localities 
during  the  different  portions  of  the  period  at  which  those  parts  were 
formed.  We  find  the  characteristic  plants  in  the  lower  part  of  the 
formation  in  some  localities,  while  in  others  they  are  confined  to  the 
upper  parts,  and  conversely  we  get  the  animals  that  in  the  majority  of 
instances  are  confined  to  the  lower  parts,  making  their  appearance  also 
in  the  upper  parts  wherever  circumstances  were  favourable  to  their 
existence  and  to  the  preservation  of  their  remains  after  death.  We  are, 
therefore,  perfectly  warranted,  by  those  positive  evidences  in  its  favour, 
in  taking  as  a  rule  the  great  duration,  and  the  slow  and  gradual  ex- 
tinction of  any  fauna  and  flora.  When  we  meet,  on  the  other  hand, 
with  rapid  changes  in  the  fossil  contents  of  sets  of  a  few  beds  resting 
on  each  other,  the  legitimate  conclusion  is,  that  in  that  particular 
locality  only  a  few  beds  happened  to  be  deposited  during  each  of  the 
great  periods  that  elapsed  while  those  successive  fauna  and  flora 
inhabited  the  earth.  When  the  beds  are  carefully  examined  and  widely 
traced,  this  conclusion  is  always  supported,  either  by  physical  evidence 


NEGATIVE  EVIDENCE  NOT  TKUSTWORTHV.  415 

proving  the  discontinuity  of  their  deposition,  or  else  hy  finding  other 
areas  in  which  the  small  sets  of  a  few  beds  expand  into  great  for- 
mations. 

Untnistworthiness  of  Negative  Evidence  in  Palceontological  Specu- 
latums. — Arguing  from  what  we  now  know,  it  appears  that  the  earliest 
life  on  the  globe,  during  the  Cambrian  period,  was  that  of  Annelids 
(sea  worms),  and  Zoophytes  (either  sertularian  or  polyzoan).  It  seems 
very  difficult  to  suppose  that  these  existed  by  themselves.  Animal  life 
now  is  so  bound  together  by  links,  uniting  species  to  species  in  such  a 
way  that,  if  you  destroy  one,  you  in  all  probability  exterminate  another 
which  in  some  way  depended  on  it,  that  it  seems  almost  an  impossi- 
bility to  my  mind  to  imagine  a  world  inhabited  by  only  one  or  two 
species  of  animals. 

Waiving  that  consideration,  however,  we  have  in  the  next  period 
certainly,  a  vast  variety  of  animal  life  of  all  the  sub-kingdoms,  except 
the  Vertebrata,  while  in  the  succeeding  or  third  known  period,  we  find 
remains  of  fishes,  and  then  of  reptiles  in  the  fourth  or  fifth.  Still,  in 
all  the  Palaoozoic  series  of  rocks,  there  has  yet  been  no  trace  found  of  a 
mammal  or  a  bird.  In  the  very  lowest  member  of  the  Mesozoic  series, 
however,  namely,  the  Trias,  though  in  the  upper  part  of  that  member 
which  is  called  the  Keuper,  the  tooth  of  a  mammal  has  occurred,  and 
in  some  still  newer  rocks  the  tracks  of  gigantic  birds  and  the  jaws  of 
several  mammals. 

Now,  it  may  be  that  we  have  in  Ihese  facts  a  tnie  picture  of  the 
course  of  creation  ;  that  during  the  earlier  Palaeozoic  periods  no  Verte- 
brata existed ;  that  at  length  fis^lies  and  then  reptiles  were  introduced, 
but  that  long  ages  still  elapsed  before  birds  and  mammalia  were  placed 
upon  tlie  globe.  On  the  other  hand,  this  mai/  be  only  the  apparent, 
and  not  the  real  course  of  creation ;  it  may  appear  to  us  so,  solely  from 
the  deficiency  and  imperfection  of  our  records.  A  single  discovery  of 
a  fish  scale  or  a  fragment  of  a  reptile  in  the  Lower  Silurian  or  Cam- 
brian rocks  would  greatly  damage  the  hypothesis ;  a  tooth  of  a  mammal 
in  tlie  Palaeozoic  rocks  would  upset  it  altogether.  Negative  e\'idence 
should  never  be  taken  at  more  than  its  true  value,  and  the  process 
requires  to  be  indeed  an  exliaustive  one  before  the  non-existence  of  a 
tiling  can  be  held  to  be  established,  beciiuse  we  have  not  yet  been  able 
to  find  it. 

The  existence  of  Mammalia  in  the  Secondary  rocks  was  long  com- 
l>ated.  First  one  or  two,  and  then  five  small  under  jaws  were  foimd 
in  the  Stonesfield  Oolite.  At  first  these  were  supposed  to  be  marsupial 
only,  the  lowest  of  the  Mammalia,  then  Professor  Owen  shewtnl  that 
(me  at  lejist,  the  Stereognathus  ooliticus,  was  a  ])lacental  manmial,  pro- 
bably one  of  the  ncm-nmiinant  Artiodactvla,  and  therefore  of  the  same 
division  as  our  hippopotami  and  swine ;  another    placental   mammal. 
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Spalacothcrium,  one  of  the  Insectivora,  was  found  in  the  Purbeck  rocks; 
and  quite  ivcently,  by  the  labours  of  Mr.  Beckles  and  Mr.  Brodie,  no 
less  than  twelve  or  thirteen  new  species  of  mammals  have  been  found 
in  the  same  formation.  Tliese  have  been  detximimed  by  Dr.  Falconer, 
Pn)fe88or  Owen,  and  Sir  C.  Lyell,  to  belong  to  eight  or  nine  gene^^ 
Triconodon,  PLigianlax,  etc.,  w)nie  marsupial,  others  placental.  They 
w^ere  all  found  in  one  little  bed  not  more  than  six  inches  thick,  and 
within  a  si>ace  of  twenty-two  yanla  square,  and  Sir  C.  Lyell  justly 
observes,  that  these  ver}'  beds,  which  altogether  are  160  feet  thick,  had 
been  diligently  exi)lored  by  many  observers — including  the  Geological 
Sun^ey — iluiing  many  years,  one  specunen  only  having  been  at  length 
found  by  Mr.  Brodie,  and  that  it  was  not  till  that  bed  was  quarried 
expresslif  for  the  jmrj)ose  by  Mr.  B<.'ckles  that  these  new  discoveries 
were  made.  He  also  i-emarks  on  the  bearing  of  these  discoveries  on  the 
value  of  negative  evidence,  as  follows : — Tlie  Purbeck  rocks  "  have  been 
divided  into  thrnQ  distinct  groups  l)y  Forbes,  each  characterised  by  the 
same  genera  of  pulmoniferuus  mollusca  and  c}']:)rides,  but  these  genera 
being  represented  in  each  gi'ou])  by  different  species ;  they  have  }T.elded 
insects  of  many  orders,  and  the  fniits  of  several  i)lants ;  and  lastly, 
they  contain  sevcml  *  dirt  beds,'  or  cdd  terrestrial  surfaces  and  soils,  at 
different  levels,  in  some  of  which  erect  tninks  and  stumi>8  of  Cycada 
and  Conifeiw,  with  their  roots  still  attached  to  them,  are  preserved. 
Yet  when  the  geolo;;ist  incpiires  if  any  land  animals  of  a  higher  grade 
than  ix'ptiles  lived  during  any  one  of  these  three  periods,  the  rocks  are 
all  silent,  save  one  thin  layer  of  a  few  inches  in  thickness ;  and  this 
single  page  of  the  earth's  history  suddenly  reveals  to  us,  in  a  few  weeks, 
the  memorials  of  so  many  species  of  fossil  mammalia,  that  they  already 
outnumber  those  of  many  a  sub-<livision  of  the  tertiaiy  series,  and  far 
surpa.ss  those  of  all  the  other  secondary'  rocks  put  together!" 

Such  a  thin  seam,  one  of  those  small  exceptions  in  the  great  series 
of  aqueous  rocks,  whicli  contains  the  i-emaiiLs  of  land  animals,  might 
lie  hidden  for  centuries  even  in  the  formations  which  are  most  searched 
by  the  quaiTyman,  miner,  and  geologist,  or  might  be  frequently  passed 
through  by  the  two  fonner,  without  having  been  sufficiently  examined 
by  the  latter.  Great  as  have  been  the  labours  and  researches  of  geolo- 
gists hitherto,  we  can  oidy  look  upon  them  as  but  ha\ang  made  a  com- 
mencement, and  laid  the  foundation  for  more  amiplete  discoveries  being 
made  in  the  future. 

On  the  On'r/in  of  Species. — Naturalists  have  long  experienced  the 
utmost  difficulty  in  detennining  the  limits  of  species,  lliis  difficulty 
has  been  felt  both  as  to  jdant^  and  animals,  with  res]xjct  to  living  as 
well  as  fossil  fonns.  One  man  has  made  several  distinct  species  out  of 
various  forms  which  another  has  considered  as  mere  varieties  of  one 
species.     The  only  satisfactory  test  of  the  distinctness  of  species  that 
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has  ever  been  agreed  upon  is  that  derived  from  the  power  of  a  species 
to  reproduce  its  like. 

The  individuals  or  pairs  of  a  species  are  fertile,  and  produce  their 
like,  while  it  is  impossible  to  prociire  a  cross  between  two  different 
species  unless  they  are  very  closely  allied,  and  then  the  progeny  is  called 
a  mule  or  hybrid,  and  remains  barren.  It  results  from  this  principle 
that  the  whole  of  the  individuals  of  a  species  are  the  descendants  of 
one  common  parent  Doubt,  however,  has  been  cast  upon  this  test 
with  respect  to  some  plants,  and  even  to  some  animals.  Many  natu- 
ralists, for  instance,  believe  that  some  of  our  domestic  animals,  as  the 
dog,  for  instance,  are  the  commingled  descendants  of  two  or  three  species 
originally  distinct. 

In  this  view,  a  hybrid  or  mule,  the  result  of  the  crossing  of  distinct 
species  of  plants  or  animals,  is  merely  an  exaggeration  of  a  mongrel  or 
cross  between  distinct  breeds  or  varieties. 

Still  there  seems  to  remain  an  essential  distinction  between  a  species 
and  a  mere  breed  or  variety  in  this  respect,  and  not  only  a  distinction, 
but  a  contrast,  for  while  the  offspring  of  distinct  species  are  usually  not 
only  sterile  but  degenerate  in  strength  and  appearance,  the  "  crossing 
of  breeds  "  almost  invariably  improves  the  descendants,  both  in  fertility 
and  every  other  respect. 

Mr.  Darwin,  who,  as  every  one  knows,  has  lately  treated  of  this 
subject  in  his  usual  clear  and  admirable  manner,  proposes  to  accoimt 
for  the  origin  of  species  by  a  doctrine  which  he  terms  that  of  natural 
selection. 

I  will  endeavour  to  give  a  brief  account  of  his  hypotbesLs. 

Species  of  plants  and  animals  have  a  natural  tendency  to  produce 
"  breeds,"  "  races,"  or  "  varieties,"  under  the  continual  influence  of 
external  modifying  causes,  or  all  those  surrounding  circumstances  which 
we  may  include  under  the  tenn  of  "  climate."  If  any  niunber  of  indi- 
^dduals  be  placed  in  a  favourable  "  climate  "  (including  food  and  every- 
thing relating  to  their  wellbeing  under  the  term  "  climate  "),  then  those 
individuals  wdll  gradually  become  an  improved  breed.  If  the  "  climate  " 
be  unfavourable,  the  breed  will  degenerate. 

K,  again,  in  any  region  in  which  the  same  climate  prevails  through- 
out, individuals  of  a  species  of  plant  or  animal  should  be  produced  by 
any  physiological  or  other  accident,  differing  in  any  important  way  from 
the  other  individuals  of  the  species,  and  that  difference  (whether  it 
might  to  us  appear  an  improvement  or  the  reverse)  should  be  of  any 
advantage  t(j  the  individual  possessing  it,  it  would  naturally  be  used 
and  strenj^rthcned  by  use  and  exercise,  and  transmitted  to  the  progeny 
of  those  iiidividaals. 

In  this  way  a  process  would  be  set  up  naturally,  similar  to  that 
which  breeders  of  plants   or   animals  follow  designedly.     A  breeder 
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selects  the  individuals  which  happen  to  possess  the  qualities  he  desiresy 
and  breeds  from  them,  taking  care  to  surround  them  during  the 
process  with  the  kind  of  "  climate "  favourable  to  the  success  of  the 
procesis. 

The  differences  artificially  produced  in  breeds  are  very  striking ; 
such  as  the  difference  between  the  Shetland  pony,  the  Flemish  cart- 
horse, and  the  English  racer  ;  that  between  different  breeds  of  sheep 
and  oxen  ;  the  difference  between  the  varieties  of  fruits  and  vege- 
tables ;  the  different  breeds  of  domestic  poultry  ;  the  different  pigeons 
of  pigeon  fanciers  ;  and  the  vast  variety  of  dogs,  though  Mr.  Darwin 
believes  tliat  the  latter  is  to  some  extent  to  be  accounted  for  perhaps  by 
the  conmiingling  of  two  or  three  allied  species. 

His  h>i)othesi3  is  that  these  vaiieties  which  are  so  numerous,  and 
some  of  which  remain  so  unchanged,  may,  if  the  surrounding  circum- 
stances conducive  to  them  remain  for  a  great  length  of  time  unaltered, 
result  in  the  production  of  new  species.  He  looks  ujwn  the  difference 
between  a  pennanent  variety  and  a  species  as  one  which  has  every 
degree  of  gnulation,  and  finally  vanishes. 

The  obvious  objection  to  this  In^thesis  is  tliat  no  one  has  yet 
succeeded  in  producing  a  new  species,  that  is,  a  breed  or  vaiiety  of 
animal  or  i)lant  which  is  inaqxible  of  propagating  its  kind  with  other 
breeils  or  varieties  of  the  s])ecies  from  whicli  it  was  itself  originally 
deriveil.  Tliis  objection,  however,  is  merely  saying  that  Mr.  Darwin's 
hypotliosis  lias  nc)t  yet  been  ccmverted  into  an  undoubted  theory  by 
proof  tantamount  to  absolute  demoiL'^tration. 

His  hypothesis  may  be  true,  even  if  man  is  incapable  of  doing  the 
work  of  nature,*  from  want  either  of  the  re(juisite  time,  or  of  all  the 
means  which  nature  uses. 

Mr.  Darwin*s  hypothesis  is  one  which  the  professed  biologist  alone 
is  competent  to  discuss.  To  a  question  in  purc  physiology,  the  answer 
of  the  physiologist  only  is  of  any  value  as  an  authoritative  opinion. 

Mr.  Darwin's  hypothesis,  that  varieties  are  incipient  species,  or  any 
other  reasonable  h}']>othesis,  of  the  slow  and  gradual  evolution  of  sjjecies 
from  i)receding  species,  would  agree  well  with  the  known  facts,  whether 
palasontological,  lithological,  or  petrological,  that  we  meet  with  in  inves- 
tigating the  structure  of  the  earth's  crust. 

Tliere  are  tv\'o  classes  of  fact*  in  the  study  of  fossils  which  would 
be  naturally  explicable  on  such  a  hypothesis,  and  seem  difficult  to 
account  for  without  it 

1.  It  is  of  course  impossible  to  apply  the  test  of  sterility  or  fertility 
to  the  study  of  fossil  species.  The  palajontological  biologist  is  reduced  to 
the  comparison  of  foi-ms  only,  often  of  parts  of  fonns  only.     The  diflS- 

«  To  obvlfttc  civil,  I  beg  leave  to  «tat«  that  the  wonl  "  Nature  "  is  useU  here  as  a  rever- 
ential periphraflig  for  the  Laws  of  the  Creator. 
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ctdtj  of  distiugaiBhing  between  species  and  varietiea  preaaes,  therefore, 
still  more  strongly  on  liim  than  on  the  biologist,  who  studies  living 
beings  only.  This  difficulty  occurs  to  the  paheontolt^i^  when  studying 
a  number  of  fossils  derived  from  the  same  bed  of  rock,  and  which  were 
therefore  all  contemporaneoua  with  each  other. 

But  when  the  palreontologiat  has  a  great  aeries  of  beds  to  deal  with, 
and  to  trace  one  or  more  species  throughout  tbia  series,  he  meets  with 
another  phase  of  the  difficulty.  Certain  forms  may  be  met  with  in  the 
lower  beds  that  seem  to  be  perfectly  distinct  species  from  others  in  the 
upper  beds,  although  allied  to  them,  but  he  will  in  some  coses  meet 
with  intermediate  gradations  of  form  in  the  intermediate  beds,  and  is 
therefore  compelled  to  look  on  those  ai  mere  varieties  of  one  species, 
which  be  previously  considered  to  be  undoubtedly  two  distinct  species. 
How  is  be  henceforward  to  be  suiv  that  other  foims  quite  as  specifically 
distinct,  and  derived  from  different  setH  of  beds,  would  not  graduate  into 
each  other  as  insensibly  if  he  could  find  the  beds  which  were  deposited 
in  the  interval  between  these  two  sets,  and  they  happened  to  conbun 
the  required  fossils. 

If  species  be  merely  the  descendanta  of  other  species,  the  existence 
of  intermediate  forms  of  grailation  is  a  neces-iaiy  and  unavoidable  coesc- 
cjuence,  and  instead  of  lieing  a  difficulty,  is  always  to  be  expectciL 

The  hypothesis  of  descent,  afi^in,  at  once  gives  us  a  natural  explana- 
tion of  the  law  of  appro.xiinotion  to  living  forms,  and  conversely,  the 
existence  of  that  law,  which  is  onu  tluit  cannot  be  gainsaid,  lends  a 
strong  support  to  the  idea  of  such  a  hypothesis,  and  seems  imperatively 
to  demand  it.     The  one  appears  to  be  the  natural  residt  uf  the  other. 

Tliis  hypothesis,  moreover,  give.s  a  natural  explanation  of  the  fact 
of  the  non-recurrence  of  si)Ccies  that  have  once  become  extinct. 

2.  There  is  another  class  of  facts  in  palteontcdogy  which  lend  a  strong 
support  to  Mr.  Darwin's  hypothesis,  or  at  all  events  to  the  hypothesis 
iif  existing  species  being  connected  with  extinct  by  way  of  descent. 
The  geographical  distribution  of  ajiecies  at  the  present  day  seems  to  Ik- 
the  direct  result  of  a  preceding  geographical  distribution.  The  sloths 
and  armadillos  and  anUeaters  now  living  in  South  America  were  pre- 
ceded by  extinct  species  of  aniraab  belonging  to  the  same  ordera,  some 
of  which  extended  over  [wrts  of  North  as  well  as  over  South  America, 
but  none  have  been  found  beyond  tliose  limits.  The  extinct  kangaroos 
and  wallibis  of  Australia  seem  to  have  been  tliu  progenitors  of  the 
present  races.  The  giraffe,  the  hippopotamus,  the  rhinoceroses,  and 
the  i>igs  of  the  Old  Continent  were  preceded  by  species,  now  extinct, 
more  or  less  cloxely  allied  to  them,  and  no  fossil  s|)ecies  of  those  genera 
lias  yet  been  foimil  in  America. 

On  the  supposition  of  every  distinct  species  being  an  inde]iendeiit 
creation,  this  geographical  limitation  of  a  succession  of  allied  species  h 
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unintelligible,  but  it  is  the  obvious  result  of  the  evolution  of  one  species 
from  anotlier. 

The  fact  that  vast  jyeriods  of  time  are  necessary  for  such  a  principle 
to  operate  so  as  to  produce  the  required  effect,  harmonises  well  with 
all  the  other  facts  of  geology.  The  more  we  investigate  the  formatian 
of  rocks,  the  relations  of  rock-masses,  the  contents  of  mineral  veins,  and 
all  other  inorganic  phenomena,  the  vaster  become  the  periods  of  time 
which  unrol  themselves,  fold  after  fold,  before  the  strained  and  aching 
mental  vision.  That  the  past  organic  phenomena  should  require  similar 
enormous  portions  of  eternity  for  their  elaboration,  seems  fitting  to  the 
mind  of  a  geologist,  and  completes,  as  it  were,  the  harmonious  concord 
of  nature's  great  }>oem. 

Changes  of  Climate. — It  is  almost  solely  from  the  natiire  of  the 
animals  and  plants  that  have  left  their  remains  in  the  rocks,  that  we 
can  draw  any  ceilaui  conclusions  as  to  the  kind  of  climate  possessed  by 
diflferent  parts  of  the  earth  where  those  animals  and  ])lants  lived. 
When  we  find  in  the  British  Islands  the  remains  of  crocodiles,  turtles, 
large  nautili,  and  monkeys,  together  with  palm  fruits  and  other  tropical- 
like  plants,  we  camiot  resist  the  conclusion  that  the  climate  of  the 
British  Islands  must  have  formerly  been  more  like  that  now  found 
within  the  tropics  than  that  wliich  they  at  present  possess.  It  is  true 
that  the  plants  and  animals  are  all  of  diflerent  species  from  those  which 
now  exist,  and  we  are  taught  by  tlie  fact  of  the  mammoth,  or  fossil 
elephant,  and  one  of  the  fossil  rhinoceroses,  having  been  provided  with 
woolly  coats  covered  with  long  hair,  and  therefore  fitted  to  live  in  much 
cooler  climates  than  any  existing  species  of  elephant  or  rhinoceros,  not 
to  rely  too  implicitly  on  mere  analogies  of  form  ;  still  the  fact  of  the 
whole  assembliige  of  the  fossils  of  certain  great  groups  of  rock  being 
stamped  with  a  tropical  "  facies,"  is  very  strong  e^idence  in  favour  of 
their  having  enjoyed  a  tropical  climate. 

But  we  may  extend  this  argimient  to  still  higher  latitudes.  By  the 
zealous  and  enlightened  labours  of  our  arctic  na^^gators,  especially  those 
of  Sir  Leopold  M^Clintock,  of  Sir  E.  Belcher,  and  others  of  late,  and  of 
Parry  formerly,  we  have  been  put  in  possession  of  the  very  remarkable 
fact  that  in  latitudes  where  now  sea  and  land  are  buried  in  ice  and 
snow  throughout  the  year,  and  there  are  several  months  of  total  dark- 
ness, there  fonnerly  flourislied  animals  and  plants  very  similar  to  those 
living  in  our  own  province  at  that  time  ;  and  it  would  appear  that 
siiuilar  animals  and  plants  were  then  widely  spread  over  the  whole 
world. 

There  are  large  tracts  of  country  lying  between  73**  and  76**  of  N. 
lat.,  and  84°  and  96*^  of  W.  long.,  in  which  the  rocks  contain  Upper 
Silurian  fossils.  In  the  same  latitudes,  but  extending  farther  west, 
beds  of  coal,  with  Carboniferous  plants,  like  those  of  Europe,  were 
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found ;  and  still  farther  north  and  west,  extending  up  to  77^  20',  or 
thereabouts,  are  limestones  full  of  Carboniferous  corals  and  shells 
(Qrthoceras,  etc.,  as  well  as  Brachiopoda),  while  in  Prince  Patrick's 
Island,  at  Wilkie  Point,  in  lat.  76°  20'  K,  and  long.  117°  20'  W., 
Oolitic  rocks  containing  an  Ammonite  {Ammonites  M^Clintocki,  Haugkton) 
like  A.  concavus,  and  other  shells,  were  found  by  M*Clintock  ;  and, 
moreover,  from  Ejunouth  and  Table  Islands,  lat  77°  10',  long  95°,  part 
of  an  ichthyosaurus  was  brought  by  Sir  E.  Belcher.— (See  FaU  of 
Franklin  and  his  BiscoverieSy  by  Captain  Sir  F.  L.  M*Clintock,  and  Ap- 
pendix by  Rev.  Professor  Haughton.) 

These  facts,  all  pointing  in  the  same  direction,  compel  us  to  believe 
that,  during  at  least  a  part  of  the  primary,  secondary,  and  tertiary  epochs, 
the  general  climate  of  the  globe  was  higher  and  more  equable  than  at 
the  present  day. 

The  existence  of  the  plants  in  such  high  latitudes  seems  inconsistent 
not  only  with  their  present  cold  temperature,  but  also  with  the  three  or 
four  months'  darkness  which  must  have  prevailed  there,  so  long  as  the 
axis  of  the  earth  has  retained  its  present  inclination  to  the  plane  of  its 
orbit,  or  anything  approaching  to  that  inclination.  If,  on  the  other 
hand,  we  had  any  warrant  for  supposing  that  the  earth's  axis  was  for- 
merly perpendicular  to  that  plane,  and  that  the  plane  of  the  equator, 
consequently,  coincided  with  that  of  the  ecliptic,  the  difficulty  as  regards 
light  in  the  polar  regions  would  vanish,  since  there  would  then  be 
eternal  sunshine  near  the  poles,  and  alternations  of  day  and  twilight, 
with  no  real  night,  down  nearly  to  the  Arctic  and  Antarctic  circles, 
with  equal  day  and  night  over  the  rest  of  the  world. 

It  remains  for  astronomers  to  decide  upon  the  probability,  or  other- 
wise, of  such  a  supposition. 

It  does  not  appear  that  any  such  shifting  of  the  direction  of  the 
earth's  axis  would  at  all  account  for  changes  of  climate  in  the  opposite 
direction,  of  which  there  is  nevertheless  good  proof,  both  palseontologiccd 
and  petrologicaL 

It  appears  certain,  that  not  only  over  the  northern  temperate  regions, 
but  as  far  south  as  the  Himalayah  Mountains  at  least,  the  climate  was 
once  more  cold  and  severe  than  it  is  at  present,  the  sea  being  encum- 
bered with  icebergs  and  the  land  with  glaciers  far  beyond  the  limits  to 
which  glaciers  and  icebergs  now  extend. 

Sir  C.  Lyell  shewed  that,  so  far  as  temperature  i&  concerned,  a  great 
effect  would  be  produced  by  shifting  the  position  of  the  present  lands 
and  seas  of  the  globe.  If  the  land  which  now  circles  round  the  north 
polar  regions,  and  that  which  we  know  exists  near  the  Soutli  Pole,  were 
sunk,  the  temperature  of  the  polar  regions  would  be  raised,  in  conse- 
quence of  the  sea  there  not  becoming  so  cold  as  land  does,  while,  if 
the   central  portions   of  the  great   Pacific   and   Indian  Oceans  were 
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occupied  by  nearly  continuous,  but  not  very  high  land  instead  of  sea, 
their  temperature  would  be  raised  in  consequence  of  low  land  under  the 
vertical  sun  becoming  hotter  than  sea  does.  The  exact  opposite  effect 
would  be  produced  by  clustering  still  more  land  about  the  poles,  and 
dimini filling  that  which  now  exists  in  the  equatorial  regions  of  the 
earth. 

Lycll  shews  that  a  great  summer  and  winter  of  the  earth^s  climate 
might  be  thus  jjroduced  by  merely  shifting  the  place  of  our  present 
contiuentid  lauds. 

If  we  supposed  those  lands  to  be  broken  up  into  islands  when  they 
were  congregated  in  the  tropics,  instead  of  remaining  as  continents,  so 
as  to  allow  open  passages  for  the  ocean  ciurents  in  all  directions^  and  a 
free  circidation  of  the  warmer  surface  water  to  be  set  up,  we  might  possibly 
have  ice  entirely  removed  from  the  low  lands  of  the  whole  earth,  and 
existing  only  on  the  loftiest  moimtain  summits.  (See  Professor  Hennessy's 
Remarks  on  Terrestrial  Climate ,  Atlantis,  January  1 869.) 

Practical  importatice  of  Fossils. — ^The  importance  of  the  study  of 
fossils  to  all  those  who  wish  not  only  to  learn  the  past  history  of  life 
upon  the  globe,  but  to  understand  the  problems  involved  in  its  present 
multiplicity  of  fonn  and  variety  of  diffusion,  will  be  obvious  even  from 
the  slight  and  hasty  observations  that  precede.  Their  importance,  how- 
ever, is  not  limited  to  the  theoretical  speculations,  or  the  philosophical 
conclusions  that  may  be  derived  from  them,  for  those,  like  many  other 
scientific  conclusions,  may  be  coined  into  actual  money,  or  money's 
worth,  by  their  practical  application. 

If  in  any  particular  part  of  the  earth,  beds  of  any  substance  of 
economic  value  to  man  were  formed  during  a  particular  geological 
period  only,  it  is  obvioits  that  those  beds,  and  the  others  in  which  they 
lie,  will  contain  the  remains  of  the  animals  and  plants  that  lived  dur- 
ing tliat  period,  and  no  others.  If,  therefore,  the  valuable  beds  be  but 
a  few  thin  seams  occurring  here  and  there  in  a  great  series,  and  our 
object  be  to  discover  where  any  part  of  that  series  reaches  the  surface, 
in  order  that  we  may  search  for  the  valuable  beds,  it  is  clear  that  the 
fossils  will  be  of  the  greatest  assistance  to  us. 

The  mere  lithological  character  of  the  other  beds  of  the  series  may 
be  of  little  or  no  use  to  us  as  a  guide,  and  may  even  mislead  us, 
since  there  may  be  other  series  having  beds  of  precisely  similar 
character,  but  not  containing  the  valuable  beds. 

Tlie  most  striking  instance  of  what  is  here  stated  generally,  is  the 
occurrence  of  beds  of  coal  in  the  part  of  the  series  which  is  hence  called 
the  Carboniferous  formation.  Coal  is  not  confined  to  that  formation, 
since  in  different  parts  of  the  world  good  workable  coal  occurs  in  other 
formations  ;  but,  in  Britain  and  Western  Europe,  although  thin  beds  of 
coal  occur  in  other  formations,  extensive  beds  of  workable  coal  have  only 
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been  found  in  the  Carboniferous  formation.  Coal  is  usually  associated 
with  black  and  gray  shales  in  that  formation,  and  the  same  association 
occurs  in  other  formations,  where  the  coal  is  too  impure  or  in  too  small 
quantity  to  be  valuable.  Black  and  gray  shales  also  occur  in  parts  of 
the  Carboniferous  series,  where  there  is  no  coal,  and  in  other  formations 
entirely  devoid  of  coal.  The  coal  miner  being  always  accustomed  to 
see  coal  associated  with  black  and  gray  shale,  and  not  having  had  occa- 
sion, like  the  geologist,  to  see  black  and  gray  shales  in  other  formations, 
naturally  looks  upon  the  occurrence  of  the  black  and  gray  shale  as  indi- 
cative of  the  presence  of  coal.  The  geologist,  on  the  other  hand, 
having  a  wider  experience,  knows,  that  not  only  do  black  and  gray 
shales  occur  where  there  is  no  chance  of  coal  being  found,  but  that 
even  thin  seams  of  coal  occur  in  formations  where  no  coal  worth  work- 
ing has  ever  been  found  in  the  British  area  or  in  Western  Europe. 

He  therefore  knows,  that  all  "  indications"  are  worthless  as  evi- 
dence of  the  presence  of  the  "  Carboniferous  formation,"  except  the 
occurrence  of  the  "  carboniferous  fossils." 

Even  where  the  fossils  occur  there  may  be  no  coal,  but  all  sinking 
for  coal  in  beds  containing  any  other  than  the  Carboniferous  fossils  is 
pure  waste  of  labour  and  money. 

Within  my  own  exix*rience  Large  simis  of  money  have  l)een  abso- 
lutely thrown  away,  which  the  slightest  acciuaintance  with  palaeontology 
would  have  saved.  I  have  kno^^^l,  even  in  the  rich  coal  district  of 
South  Staffordshire,  shafts  continued  down  below  the  Coal-measures 
deep  into  the  Silurian  shales,  with  crowds  of  fossils  brought  up  in  every 
bucket,  and  the  sinker  stiU  exi)ecting  to  find  coal  in  beds  below  those 
Silurian  fossils.  I  have  known  deep  and  expensive  shafts  sunk  in 
beds  too  far  above  the  Coal-measures  for  their  ever  being  reached, 
and  similar  exi)en.sive  sliafts  sunk  in  black  shales  and  slates  in 
the  lower  rocks  far  below  the  Coal-measures,  where  a  pit  might  be  sunk 
to  the  centre  of  the  earth  ^Wthout  ever  meeting  with  cod.  Nor  are 
these  fruitless  enterprises  a  thing  of  the  past  They  are  still  going  on 
in  spite  of  the  silent  warnings  of  the  fossils  in  the  rocks  around,  and 
in  spite  of  the  loudly-expressed  wandngs  of  the  geologists,  who  under- 
stand them,  but  who  are  supjiosed  still  to  be  vain  theorists,  and  not 
to  know  so  much  as  "  the  practical  man."* 

•  I  have  elsewhere  stated  ray  belief  that  the  amount  of  money  fruitlessly  expended  in 
a  ridiculous  search  after  coal,  even  within  ray  own  experience,  would  have  paid  the  entire 
cortt  of  the  Govomraent  OooloRical  Survey  of  the  United  Kingdora.  It  is  a  curious  per- 
versity  of  the  human  mind,  that  men  prefer  to  take  the  advice  of  those  whose  interest  it  is 
to  pet  them  to  spend  money,  rather  than  the  warnings  of  those  who  can  have  no  interest  in 
inducing  them  not  to  spend  it. 


PART  III. 

HISTORY  OF  THE  FORMATION  OF  THE 
CRUST  OF  THE  EARTH. 


CHAPTER  XXYL 

PRELIMINARY  OBSERVATIONS. 

In  the  two  preceding  parts  we  have  been  dealing  with  general  prin- 
ciples ; — 

In  the  first  place,  we  examined  the  composition  and  mode  of  pro- 
duction of  rock  generally  ;  in  the  second,  the  great  structures  which  are 
common  to  rocks  of  aU  kinds  and  of  all  ages  ;  while,  in  the  third,  we 
considered  fossil  animals  and  plants  in  their  relations  to  living  beings, 
and  mentioned  some  of  the  general  facts  of  distribution  observed  by 
them,  and  general  conclusions  to  be  drawn  from  them. 

We  had  frequent  occasion  to  note  the  vast  periods  of  time  required 
for  the  production  of  the  different  phenomena  we  met  with,  but  we 
did  not  stop  to  consider  the  relations  of  these  several  periods  of  time  to 
each  other,  or  to  describe  in  regular  order  and  sequence  the  events 
which  had  happened.     This  is  now  what  remains  for  us  to  do. 

We  have  to  give  a  history  of  the  formation  of  the  crust  of  the 
earth,  by  tracing  out  the  order  of  succession  of  the  different  rock  groups 
of  which  it  is  made  up,  noting  the  causes  which  operated  in  their  pro- 
duction, and  gleaning,  from  their  relation  to  each  other,  some  notion, 
perhaps,  of  what  happened  in  the  periods  that  intervened  between  the 
times  of  their  production. 

The  way  in  which  this  knowledge  is  to  be  gained,  wiU,  I  think,  be 
sufficiently  obvious  from  what  has  been  said  before.  At  page  234,  ei 
seq.y  we  saw,  that  after  having  acquired  a  knowledge  of  the  number  and 
nature  of  a  series  of  beds,  by  examining  a  cliff  on  the  sea-shore,  or 
other  "  section"  where  they  were  well  exhibited,  any  little  natural  or 
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artificial  excavation  in  the  interior  of  the  country  which  enabled  ns  to 
identify  one  of  these  beds  assured  us  of  the  presence  of  the  rest  above 
and  below  it  By  searching  out  places  where  such  "  sections"  are  to 
be  seen,  and  then  following  them  by  different  indications  across  coun- 
tries, and  identifying  them  either  by  lithological  or  palseontological 
characters,  or  by  actually  following  their  outcrop  without  losing  sight 
of  them,  and  performing  the  same  process  for  the  sets  of  beds  that  suc- 
cessively cover  them,  or  rise  up  from  beneath  them,  we  eventually  sur- 
vey great  tracts  of  country,  and  arrive  at  a  knowledge  of  the  order  and 
succe&sion  of  subterranean  groups  of  rock,  to  a  much  greater  depth  than 
it  would  be  possible  to  reach  to  by  any  process  of  mining  or  direct 
excavation. 

The  history  of  the  formation  of  the  whole  crust  of  the  globe,  then, 
is  to  be  learned  by  piecing  together  oiu*  knowledge  of  different  parts  of 
it,  each  part  being  separately  investigated,  and  joined  to  another  by 
means  of  some  jwrtion  or  portions  that  are  proved  to  be  common  to  the 
two.  Supi)ose,  for  instance,  that  the  grr)up  of  beds  from  a  to  ^  (fig.  28, 
p.  234),  were  seen  in  one  place,  and  that  we  there  learnt  the  history  of 
their  production,  and  gained  thereby  a  record  of  which  the  earliest 
portion  is  contained  in  the  beds  at  a,  and  the  latest  in  the  be<ls  at  b  ; 
and  suppose  that  no  beds  above  b  were  there  Aosible,  but  that  we  could 
either  trace  b  into  another  district,  or  could  identify  it  there,  and  that 
we  then  found  another  great  series  of  beds  over  i,  and  there  learnt  the 
history  of  their  production,  carrying  it  on  to  the  beds  about  d  for 
instance  ;  it  is  clear  that  we  should  there  extend  our  record  from  a  to  d, 
and  this  we  should  do,  whether  or  no  there  may  be  any  one  place  where 
the  whole  series  of  beds,  from  a  to  d,  be  simultaneously  present. 

We  might  give  this  history  in  either  of  two  ways,  namely,  by  inves- 
tigating or  tracing/  it  backwartls  from  the  present  to  the*  past,  or  by 
ruirratinrf  it  as  nearly  as  possible  in  the  order  in  which  it  occurred.  I 
prefer  the  last  method  as  the  shorter  and  more  intelligible,  since  it  is 
hoped  that  the  previous  i>arts  of  this  work  will  have  sufficiently  pre- 
pared the  student  to  understand  it. 

As,  however,  to  nanate  this  history  in  full,  even  so  far  as  it  is 
already  known,  would  require  a  library  rather  than  a  book,  what  will 
be  here  given  must  be  taken  as  a  mere  abstract,  a  clironological  table 
rather  than  a  history,  by  means  of  which  the  student  will  be  able  to 
reter  to  its  proper  period  any  more  detiiiled  account  of  its  different  por- 
tion^  wluch  he  may  either  read  of  or  obsen^e  for  himself. 
Comnl^tivlT  ""r"*"^^^  ''  *  ^^"^  imperfect,  broken,  and  fragmentary  one. 

S:rTe;t^iXh':i'^^^^^^  ^  niT'^^  r^^^  ^^^^  ^  ^^^^  ^^^^^^ 

and  had   fl.    ^^^t^hed  out ;  still  fewer  have  been  accurately  surveyed, 

^ore  wh  .1 ''"'"'''  thoroughly  unravelled.     Many  of  the  events 

Wierelorc,  which  are  now  supposed  to  have  occurred  contemporaneous!; 
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in  different  placeB,  maj  in  realitj  have  occurred  in  Bucccssion  ;  many 
wliich  arc  suppoBcd  to  liave  directly  succeeded  each  other  may  have 
l>eeu  Heparated  in  reality  by  great  apaccB  of  time,  of  which  there  are  nu 
records  as  yet  discovered,  or  of  which  none  may  ever  be  found.  It  is 
obvious  that  all  future  iliscoveriua  may  add  to  the  time  we  know  to 
have  elapsed,  but  cannot  diminish  it. 

Aa  t^Q  etructure  of  the  British  Islanda  is  better  known  than  that  of 
any  other  part  of  the  globe  of  equal  dimensions,  and  contains  a  more 
complete  scries  of  rocks  in  a  unalt  space  than  any  other  district,  we 
HliaU  take  that  as  the  princijial  authority  for  our  history,  pointing  out 
the  several  groups  of  rock  wliich  were  produced  in  tliis  part  of  the 
globe  during  the  gevcnil  periods,  mentioning  a  few  of  the  principal  fossils 
they  enclose,  and  then  give  some  of  those  other  well-known  typical 
groups  of  rock  wliich  are  believed,  or  are  known,  to  have  been  depo- 
sited oontempomneouBly  with  them  in  other  ports  of  the  earth.  Where 
a  group  of  rocks  is  known  of  which  we  have  no  cotemporary  represen- 
tative in  the  British  Islands,  it  will  of  course  be  best  to  describe  it  from 
its  best  known  locality.  Our  iiistory,  however,  will  be  chiefly  that  of 
the  formation  of  tJie  Celtic  or  British  province,  as  wu  may  call  it,  with 
occasional  referencu  to  the  history  of  other  provinces. 

Chnmological  jVomeiiclalure.—OiU!  difBculty  meets  us  at  the  outside 
as  to  our  nomenclature,  tliat  is,  as  to  the  names  we  arc  to  give  to  the 
dilferent  periods  of  past  time.  Tliis  difficulty  must  at  present  be 
evaded,  fince  the  time  ha-t  not  yet  arrivud,  that  is  to  say,  our  know- 
ledge is  not  yet  complete  enough  to  enable  na  to  overcome  it. 

Tlio  early  geological  observers  described  certain  kinds  of  rock,  to 
which  particular  names  were  given.  These  names  were,  in  the  first 
instance,  lithological,  or  descriptive  of  the  kind  of  stone,  of  which 
Cimlk  and  Oolite  are  instances.  In  other  coses  tlicy  were  petrological, 
such  as  Mountain  Limestone,  Coal-measures,  etc  Others  ogiun  were 
geogra]ihical,  of  whicli  Wcolden,  Neocomian,  Silurian,  Oxford  Clay,  are 
examples  ;  while  others  were  local  terms  ailojiteil  by  geologists,  such  as 
LiaA,  Conibrash,  Ganlt,  etc.  Such  terms  as  Old  and  New  Red  Sand- 
stone were  combined  lithological  and  petrological  terms,  referring  at  once 
to  the  kind  of  nwk  of  which  they  were  composed,  and  their  relative 
place  in  the  series. 

Qradiiolly,  as  extended  observation  shewed  that  aqueous  rocks 
occurred  in  a  certain  order,  and  formed  a  succession  of  be<b  regularly 
superinqKised  one  upon  the  other,  a  chronological  sense  began  to  be 
exteniled  to  these  terms,  for  it  wa.i  dear  tliat  each  bed,  and  each  group 
nl  beds,  was  newer  than  those  1>el(iw  it,  and  older  than  those  above  it, 
while  those  occupying  the  same  place  in  the  series  were  coutempora- 
neous.  Thus,  Tke  Oolite,  on<i  Tki  Chalk,  came  to  mean,  not  only  tlie. 
rocks  to  which  those  names  wore  first  and  truly  applioil,  because  thry 
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consisted  of  tlie  kind  of  stone  called  Oolite  and  Chalk,  but  also  all 
other  kinds  of  rocks  which,  having  l)een  formed  about  the  same  period 
as  these,  occupied  the  same  relative  place  in  the  general  series,  and  con- 
tained the  same  fossils.  The  Cretaceous  or  Chalk  rocks,  then,  might  be 
made  either  of  white  chalk,  of  black  marble,  of  brown  sandstone,  or 
blue  slate  ;  "  Cretaceous  rocks"  meaning  in  reality  only  rocks  of  t?u 
same  age  as  the  Chalk.  Silurian  rocks,  in  like  manner,  mean  those  of 
the  same  age  as  the  rocks  of  Siluria,  and  so  of  the  rest.  This  double 
signification  of  words  is  almost  unavoidable,  and  the  student  will  find 
himself  naturally  and  inevitably  falling  into  it  in  the  course  of  his  geolo- 
gical pursuits.  When,  then,  we  speak  of  Silurian,  or  Carboniferous,  or 
Oolitic,  or  Cretaceous  periods  of  time,  the  reader  must  pardon  the  appa- 
rent contradiction  in  the  terms,  and  look  on  the  names  as  names  onlt/, 
and  not  as  descriptive  designations. 

This  is  indeed  what  we  do  in  ordinary  language,  and  in  human  his- 
tory, since  we  speak  of  the  Babylonian,  th'e  Greek,  or  the  Roman  periods, 
and  thus  give  chronological  significations  to  mere  geographical  terms. 

It  is  doubtless  puzzling  enough  at  first,  if  we  are  shewn  in  South 
America  a  mountain  of  blue  clay-slate,  and  told  that  that  is  "  Chalk  ;" 
or,  if  we  find  the  same  tenn  applied,  in  North  America,  to  a  group  of 
sandstones,  shales,  and  cofils.  Many  persons  are,  in  like  manner,  per- 
plexed when  they  find,  in  the  British  Islands,  clayslate  and  gray  lime- 
stone spoken  of  as  "  Old  Red  Sandstone  ;"  but  this  difficulty  vanishes  if 
we  recollect,  that  when  used  geologically  these  words  mean  a  period  of 
time,  and  not  any  particular  kind  of  rock. 

The  term  Old  Red  Sandstone  did  originally  mean  a  kind  of  rock,  or 
rather,  it  was  at  first  applied  to  a  large  group  of  rocks,  of  which  red  sand- 
stones were  the  most  conspicuous  portions,  although  beds  of  clay,  and  even 
thin  beds  of  limestone,  as  well  as  beds  of  white,  yellow,  or  green  sand- 
stones, did  occur  in  the  group.  It  was  called  oldy  because  it  lay  below  the 
Carboniferous  rocks,  while  there  w^as  another  group  of  similar  red  sand- 
stones (with  other  subordinate  beds)  which  lay  above  the  Carboniferous 
rocks,  and  was,  therefore,  called  new.  The  "  Old  Red  Sandstone  "  then 
was  the  name  applied  in  Scotland,  and  in  the  borders  of  England  and 
Wales,  to  a  great  group  of  rocks  lying  below  the  Carboniferous  group, 
and  above  the  group  which  was  afterwaixls  called  Silurian.  But  it  has 
been  already  remarked,  that  formations,  when  they  are  traced  laterally 
over  large  areas,  are  often  apt  to  change  their  lithological  characters, 
in  consequence  of  the  gradual  termination  of  one  set  of  beds  and  the 
setting  in  of  beds  of  a  different  kind.  When  then  we  trace  the  Old 
Red  Sandstone  laterally  across  a  large  tract  of  ground  as  we  can 
trace  it  across  the  south  of  Ireland,  for  instance,  we  need  not  feel  sur-  * 
prised  at  its  gradually  passing  from  a  sandstone  formation  into  a  clay- 
formation.    As  it  is  possible  in  Ireland  to  walk  along  it  from  one 
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district  to  the  other  witlkout  ever  leaTing  it,  it  is  clear  that  if  it  ought  h> 
be  called  Old  Bud  Sandstone  is  the  one  district,  it  would  be  giving  two 
names  to  one  group  of  rocks,  if  we  gdve  it  another  name  in  the  other 
district. 

Wbether  the  name  "  Old  Red  Sandstone  "  be  a  good  one,  is  another 
question.  It  is  retained  simply  because  it  is  generally  understood,  that 
by  that  designation  we  mean  the  rocks  lying  next  below  the  Carboni- 
ferous group.  It  is  avowedly  a  "  provisional "  designation,  just  exactlj 
as  all  the  names  of  the  great  groups  of  stratified  rocks  are  provisional. 
They  are  temporary  names  adopted  for  present  purposes,  and  have 
grown  into  ii*f,  and  will  continue  to  be  used  until  they  are  superseded 
by  more  appropriate  terms,  which  increasing  knowledge  only  can  shew 
to  be  more  appropriate.  Many  attempts  have  been  made  to  introduce 
a  more  systematic  nomenclature  ;  but  they  have  all  failed,  because  the 
attempt  required  almost  prophetic  powers  on  the  part  of  the  inventor, 
who  dionld  know  what  would  be  wanted  in  a  few  years  time,  as  well 
as  what  is  wanted  now. 

Any  Scheme  of  nomenclature  which  is  not  expansible  in  all  directions, 
and  does  not  admit  of  readjustment  and  interj)oLitiijn,  according  to  cir- 
cumstances in  all  its  parts,  will  in  a  short  time  be  found  the  fetters 
rather  than  the  clothes  of  the  science. 

In  the  maps  ond  publications  of  the  Geological  Survey,  for  instance, 
the  letter  "  a  "  was  adopted  for  the  rocks  of  the  Cambrian  period,  as  being 
the  earliest  period  of  which  anything  was  known  r  recent  discoveries  of 
Sir  R.  L  MuichiM>n  and  Sir  W.  Logan,  have,  however,  shewn  us  rocks 
belonging  to  still  earlier  periods,  and  if  we  wish  to  letter  them  on  oui 
maps,  we  find  ourselves  at  a  loss  for  a  letter  before  "  a"  in  the  alphabet. 

In  speaking  of  the  great  groups  of  stratified  rocks  or  "  formations," 
therefore,  the  student  must  cK^nrly  understand,  that  their  names  ore  often 
used  also  as  the  names  of  the  peiiods  of  time  in  which  they  were  formed, 
and  accustom  liimaelf  to  detach  from  these  names  all  other  meanings 
they  may  have. 

The  igneous  rocks,  however,  are  named  on  lilhulogical  grounds  only. 
The  ctystalline  aggregate  of  fclds^mr,  mica,  and  i^uartz,  is  called  granite, 
no  matter  where  it  was  formi^d,  or  with  what  stratified  rocks  it  may  be 
associated.  Fel«tone,  greenstone,  trachyte,  and  basalt,  and  all  the  other 
names  of  igneous  rocks,  refer  in  like  manner,  solely  to  their  mineral 
constituents  and  texture,  at  whatever  period  they  were  consolidated,  or 
in  wliatevcr  part  of  the  earth's  crust  they  are  found. 

All  names,  moreover,  which  have  a  special  lithological  Bigniiicatiou, 
such  as  shale,  grit,  duLomitc  or  magnesian  limestone,  oolite,  etc.,  arc 
applied  to  the  variety  of  rock  c^nite  independently  of  any  reference  to 
the  time  it  was  produced,  or  the  formation  to  whi;:h  it  belongs. 

Any  limestone  of  any  formation  may  become  magnesian  ;  any  lime- 
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stone  of  any  formation  may  become  oolitic  It  is  only  when  that  acci- 
dental character  has,  by  use,  been  applied  to  some  particular  group  of 
stratified  rocks,  which  are  then  spoken  of  as  The  magnesian  limestone,  or 
7%«  oolite,  that  the  words  accjuire  a  technical  chronological  significa- 
tion, that  is  to  say,  may  be  used  to  designate  all  those  stratified  rocks 
which  were  contemporaneous  with  the  group  to  which  the  name  was 
first  applied. 

I  must,  therefore,  request  the  student  now  to  fix  his  attention  chiefly 
upon  time,  and  to  suppose  that  all  geological  time  is  divided  into  three 
great  portions  or  epochs,  wliich  we  may  call  Primary,  Secondary,  Tertiary. 

The  Primary  epoch  means  simply  that  which  preceded  the  Secondary, 
the  first  portion  of  time  that  we  know  anything  of,  not  by  any  means 
the  first  time  of  all,  since  as  to  that  we  know  nothing.  The  Primary 
epoch  has  no  definite  starting-point.  Future  investigations  may  shew 
us  formations  lying  below  those,  which  are  the  lowest  we  have  hitherto 
discovered,  so  that  our  chronological  commencement  is  lost  in  the 
remote  past.  The  geological  histoiy  can  only  begin  like  a  fairy  tale — 
"  once  uix)n  a  time  there  was  a  sea,  and  in  that  sea  certain  rocks  were 
formed,"  and  so  on. 

The  Secondary  epoch,  in  like  manner,  means  that  which  succeeds 
the  Primary.  Geologists  agree  to  draw  a  line  somewhere  in  the  series, 
im<\  to  t^ke  that  line  as  the  boundary  between  the  Primary  and  Second- 
ary epochs. 

So  with  the  Tertiary  epoch,  a  certain  boundary  line  is  drawn  as 
the  close  of  the  Secondary  epoch,  and  all  time  since  then  is  included 
in  the  Tertiary'  epoch. 

As  synonyms  of  these  wortls,  Primary,  Secondary,  and  Tertiary,  the 
words  Palaeozoic,  Mesozoic,  and  Kainozoic,  signifying  the  periods  of 
ancient,  middle,  and  modem  life,  have  been  proposed  by  Professor 
Phillips,  and  pretty  generally  adopted.  Geological  time,  then,  may  be 
thus  arranged  : — 

3.  Tertiary  or  Kainozoic  Epoch.* 

7?.  Human,  Historical,  or  Recent  period. 
m.  Pleistocene  period. 
L  Pleiocene  period. 
L  Meiocene  period. 
j.  Eocene  period. 

♦  Tlie  mode  of  arrangement  adopted  in  this  table  is  intended  to  indicate  that  oiir  chron- 
ology dei>end8  on  the  fact  of  super-position  of  rock  groups,  and  that  it  therefore  commences 
with  the  lowest  of  these  groups. 
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2.  Secondart  or  Mesozoio  Epoch. 

1.  Cretaceous  period. 
h.  Oolitic  period. 
g.  Triassic  period. 

1.  Primary  or  PALiEOZoic  Epoch. 

/.  Permian  period. 
e.  Carboniferous  period. 
d.  Devonian  period, 
c.  Upper  (or  True)  Silurian  period. 
h.  Lower  (or  Cambro-)  Silurian  period, 
a.  Cambrian  period. 
PrsB-Cambrian  periods. 

Edward  Forbes,  in  one  of  his  presidential  addresses  to  the  Geolo- 
gical Society  of  London,  suggested  that  both  from  palsoontological  and 
petrological  considerations,  it  niight  be  better  if  we  obliteratetl  the 
division  between  the  Secondary  and  Tertiary  epochs,  and  divided  geolo- 
gical time  into  two  epochs  only,  namely.  Palaeozoic  and  Neozoic.  Per- 
haps, as  our  knowledge  becomes  more  complete,  this  suggestion  may 
be  carried  out.  The  most  marked  characteristic  of  the  Tertiary  epoch 
is,  that  the  rocks  deposited  in  it  contain  the  remains  of  species  that 
still  exist.  These  in  the  earlier  Tertiary  deposits  are  very  few,  and  if 
those  few  were  now  to  die  out  and  become  extinct,  the  characteristic 
would  be  lost,  and  the  palaeontological  distinction  between  Secondary 
and  Tertiary  deposits  become  more  arbitrary  than  it  is. 

Note. — The  student,  in  reading  the  older  geological  works,  will  meet  with  other  terms 
than  those  mentioned  above,  which  it  will  be  an  well  to  eiqplain.  An  opinion  once  existed 
that  all  such  rocks  as  granite,  together  with  the  crystalline  schists,  such  as  gneiss  and  mica 
sciiist,  were  pHmlHr*i  rocks,  and  that  the  ordinary  stratified  sandstones,  clays,  and  lime- 
stones, were  derived  from  these  snpiwsed  primitive  rocks;  they  were  therefore  called 
secondary,  in  the  sense  of  derivative,  rocks.  Extended  observation,  however,  shewed  a 
class  of  rocks  with  characters  apparently  inteniiediate  between  those  which  were  supposed 
to  belong  to  these  so-called  primitive  and  secondary  rocks.  For  this  class  the  term  "  transi- 
tion "  was  invented.  About  th^  same  time,  the  idea  of  the  primitiveneM  of  the  granites  and 
crystalline  scliista  began  to  be  shaken,  and  the  term  primitive  was  mo<lifled  into  primary. 
There  wore  also  other  rocks  discovered  lying  above  those  which  had  hitherto  been  taken  as 
the  ui>pemi08t  of  the  secondary,  and  to  these  the  term  tertiary  was  naturally  applied.  But 
when  granite  was  found  to  be  not  only  not  a  primitive  but  an  intrusive  rock,  and  also  not 
solely  intrusive  into  primary  rocks,  but  intrusive  into  rocks  of  almost  all  ages  ;  and  when 
Sir  Charles  Lyell  shewed  that  the  crystalline  schists  were  in  reality  metamorphic  rocks,  and 
that  their  crystalline  schistose  character  was  not  peculiar  to  any  geological  period,  the  term 
*'  transition  "  was  gradually  disused,  and  the  word  primary  lost  the  lithological  taint  which 
it  had  derived  from  its  primitive  original,  and  acquired  its  present  purely  chronological 
sense,  an  simply  meaning  all  rocks  older  than  the  secondary.  There  was  a  barbarous  word 
once  in  use,  as  a  kind  of  sjTionym  of  the  tenn  **  transition,"  this  was  *'  grauwacke,"  a  word 
now  altogether  <lisoarded  even  in  a  lithological  sense.  It  was  one  of  tho.sc  words  that  meant 
anything  or  nothing,  and  ser\'e«l  merely  to  conceal  our  ignorance  of  the  true  history  of  the 
rocks  to  which  it  was  applied. 
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PRIMARY  OR  PAUEOZOIC  EPOCH. 

Pr^-Cambrian  Periods. 

In  geological  history,  as  in  the  history  of  most  human  empirea,  it  is 
diflficult  to  point  out  any  definite  commencement  If  we  assume  a 
starting  point,  we  must,  of  course,  allow  for  great  periods  of  preceding 
unreckoned  time,  and  for  many  unrecorded  events  which  led  up  to 
those  which  we  are  iibout  to  describe.  The  progress  of  geological  in- 
vestigation has  lately  disclosed  to  us  some  records  of  a  date  earlier  than 
had  been  previously  recognised.  Sir  Roderick  Murchison  in  Scotland, 
and  Sir  W.  Logan  in  Canada,  with  their  several  colleagues  and  fellow- 
labourers,  have  shewn  distinctly  what  was  only  surmised  previously, 
that  certain  great  masses  of  highly  metamorphosed  rocks  come  out  from 
underneath  other  masses,  which  belong  either  to  the  Cambrian  period, 
or  to  an  older  one. 

Scotland. — Sir  R.  I.  Murchison  has  lately  surveyed  the  north-western 
extremity  of  Scotland  and  the  surrounding  region,  and  has  published 
his  results  in  several  papers,  accompanied  by  a  sketch  map,  in  the 
journal  of  the  Geological  Society,  London,  and  subsequently  in  a  separate 
map  by  himself  and  Mr.  Geikie,  with  explanatory  notes. 

Their  results  have  been  corroborated  by  the  examination  of  the 
country  by  Professors  Ramsay  and  Harkness,  and  other  competent 
observers. 

Tliey  are  briefly  as  follows  : — 

In  the  Hebrides,  and  at  different  parts  along  the  western  shore  of 
Sutherlandshire,  great  masses  of  highly  crystalline  gneiss  are  visible, 
often  consisting  of  alternate  homblendic  and  quartzose  folia,  but  hav- 
ing sometimes  feldspathic  and  micaceous  layers,  with  occasional  beds  of 
limestone  and  ironstone.  The  foliation  coincides  with  the  stratification, 
and  the  strike  of  the  rocks  is  N.AV.  and  SJ].  (or  at  right  angles  to  the 
general  strike  of  other  parts  of  the  country),  the  beds  dipping  either 
NJI.  or  S.W.,  more  frequently  the  latter.  They  are  here  and  there 
traversed  by  veins  of  granite  proceeding  from  larger  intrusive  granitic 
masses,  and  also  by  dykes  of  greenstone.  Upon  the  highly  inclined  and 
greatly  denuded  edges  of  these  beds,  rest,  quite  uncomformably,  thick 
beds  of  a  red  sandstone  and  conglomerate,  which  is  itself  covered  un- 
conformably  by  beds  which  are  j)rovcd  to  be  Cambro-Silurian  by  the 
fossils  they  contain.     (See  diagrammatic  section,  fig.  106.) 

This  red  sandstone  and  conglomerate  then  must  be  either  Cambrian 
or  some  still  older  deposit,  and  the  gneiss  formation  below  it  must 
certainly  be  of  prse-Cambrian  age.  Sir  R.  Murchison  at  first  described  it 
as  Fundamental  gneiss,  a  term  which  could  only  be  accepted  as  applicable 
to  Scotland,  since  still  lower  rocks  may  hereafter  be  seen  in  other  di»- 
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tricts.  In  the  last  paper,  therefore,  by  himself  and  Mr.  Gkjikie,  he  con- 
siders it  as  contemporaneous  with  Sir  W.  Logan's  Laurentian  gneiss,  and 
speaks  of  it  by  that  designation. 

It  seems  to  me,  however,  that  while  it  is  most  probable  that  they 
are  of  contemporaneous  formation,  it  would  be  better,  in  absence  of  any 
positive  proof  of  that  &ct,  to  avoid  the  assertion  of  it,  and  to  retain  the 
teiiii  Le^isian  gneiss  once  suggested  by  Sir  Roderick,  or  else  to  call  it 
the  Hcbridean  gneiss,  or  to  use  some  other  designation  which  shall  be 
clear  of  all  chance  of  error. 


Fig.  106. 
Diagrammatic  section,  shewing  the  Prse-Cambrian  rocks  of  the  northern  Highlands. 
From  Sir  R  L  Marchison's  papers  in  Geological  Journal,  vols.  xv.  and  xriL 

fl.  Cr>'8talline,  gnoissose,  and  niicaeeons  flags. 

r.  Quartz  Rock  and  Limestone,  with  Orthoceras,  Piloceras,  Maclurea,  Ophileta,  Murchi- 
•Hoiiia,  and  Orthis  striatula  in  the  Limestones,  and  annelid  tubes  in  the  Quartz  Rock. 

b.  Re<l  Sandstone  and  Comglomernte,  2500  feet  thick,  formerly  supposed  to  be  Old  Red, 
now  seen  to  be  Pr»-Cambro-8ilurian,  and  therefore  probably  Cambrian. 

a.  Gray  homblendic  gneiss,  with  granite  veins,  etc. 

Ireland, — It  is  probable  that  some  of  the  highly  metamorphosed  rocks 
of  the  north  of  Ireland  may  consist  of  this  Pra)-Cambrian  gneiss. 

Canada,  Laurentian  series, — Sir  W.  Logan  and  his  colleague  Mr. 
Murray,  have  described  in  North  America  an  immense  extent  of  gneiss, 
forming  the  whole  country  north  of  the  St.  Lawrence.  This  is  some- 
times homblendic,  sometimes  micaceous,  gneiss,  and  often  alternates 
Avith,  or  passes  into  beds  of  mica  schist.  It  also  contains  one  or  two 
large  irregular  beds  of  crystalline  limestone,  and  bed-like  masses  of 
magnetic  oxide  of  iron  and  other  minerals.  Veins  and  intnisive 
masses  of  granite,  syenite,  and  greenstone,  frequently  traverse  these 
rocks. 

The  beds  are  highly  inclined  and  greatly  contorted,  so  as  to  render 
all  calculations  as  to  thickness  impossible,  beyond  the  general  conclusion 
that  it  is  very  great 

Sir  W.  Logan  has  no  doubt  of  their  having  been  originally  an 
ordinary  sedimentary  series,  and  their  having  assumed  their  present 
crystalline  character  from  metamorphic  action.  He  has  given  the  name 
of  the  "  Laurentian  series  "  to  them. 

In  the  neighbourhood  of  Lake  Huron,  this  Laurentian  series  is 
covered  unconformably  by  rocks  which  lie  below  the  ba.?e  of  the  Cam- 
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bro-Sihirian  series  of  America  ;  that  is  to  say,  by  rockB  which  are  either 
of  the  same  age  as  the  Cambrian,  or  still  older. 

The  Laureutian  series,  therefore,  like  the  Hebridean  gneiss  of  Scot- 
land, is  of  Prse-Cambrian  age. — {Report  of  the  progress  of  the  Geological 
Survey  of  Canada) 

Scandb\avia. — It  is  probable  that  the  highly  metamorphosed  rocks, 
wliich  form  the  mountains  of  Norway,  belong  wholly  or  in  part  to  the 
Pra3-Cambrian  periods. 

Other  parts  of  the  World. — Future  reseaixih  wiU  probably  extend 
this  assertion  to  the  gneiss  and  mica  schist  found  in  other  parts  of  the 
world,  perhaps  to  some  of  that  of  South  America,  for  instance,  or 
Australia,  or  parts  of  Africa  and  Asia,  where  such  rocks  are  now  known 
to  exist,  or  may  hereafter  be  discovered. 

It  lias  been  already  observed,  that  we  can  never  hope  to  discover 
the  unaltered  deposits  of  the  earlier  ages  of  the  earth's  history.  The 
aqueous  rocks  of  the  earliest  ages  have  doubtless  long  ago  perished 
utterly,  either  from  erosion  by  water  or  from  having  been  re-absorbed 
into  the  molten  interior  of  the  earth. 

The  oldest  sedimentary  rocks  now  left  anywhere  upon  the  globe, 
must  necessarily  have  suffered  more  from  these  two  actions  than  any 
newer  rocks.  The  formations  we  are  now  treating  of  are  some  of  these, 
but  their  records  are  nearly  obliterated,  and  their  histor}',  therefore, 
brief  and  obscure. 

No  traces  of  organic  remains  have  yet  been  recorded  as  observable 
in  anj'  Pra>-Cambrian  deposit,  though  the  presence  of  limestones  in  the 
gneiss,  both  of  America  and  Scotland,  would  seem  to  require  the  exist- 
ence of  animal  life  for  its  production. 

CAMBRIAN  PERIOD. 

Lower  Cambrian  op  Professor  Sedgwick. 

The  lowest  rocks  visible  in  North  Wales  and  its  borders  having 
been  called  the  Cambrian  rocks,  the  period  in  which  they  were  de- 
posited may  be  called  provisionally  the  Cambrian  period. 

Typical  Rocks. 

North  Wales. — These  rocks  may  be  seen  largely  developed  in  the 
liilly  ground  between  Harlech  and  Dolgelli,  in  parts  of  Caernarvonshire 
west  of  the  Snowdon  crest,  and  in  Anglesea,  where,  however,  they  are 
much  metamorphosed  into  chloritic  schists  and  quartz  rocks.  They  are 
still  more  largely  exposed  in  the  Longmynd,  a  range  of  hilly  groxmd  to 
the  north-west  of  Church  Stretton  in  Shropshire. 
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la  sheet  36  of  the  Homontal  Sections  of  the  Oeological  Survey  of 
Oreat  Sritain,  the  foUowing  beds  are  deacrihed  by  Mr.  W.  T.  Aveline, 
the  thicknesaea  being  of  coune  approximate,  but  ott  the  whole  neariy 
correct: — 


Coarse  red  ■asdstoiie  .... 

7000 

Red  sandy  micaceous  shale  . 

300 

Hard  conree  led  sandirtone  and  shale 

4BO0 

IBOO 

Purple  sandy  shale      .... 

100 

SOOO 

Purple  shale  and  sandstone  . 

4000 

Gray  rock,  very  hard  .... 

1000 

Hard  conglomerate      .... 

SOO 

Hard  sandstone 

400 

Oniyish  bine  sla^  dule 

SOOO 

Section,  flg.  107,  ia  areduction  of  Hiatiu  sheet  36  (JSbr.'&cj.  0.  S.), 
and  will  serve  to  give  an  idea  of  the  way  in  which  these  rocks  lie,  and 
how  they  are  cov^^  by  others. 


^^^mmmmmsmd. 


L  tma  Hbt  LonsmTUd,  i«diic«d  from  iibeat  M  of  the  uctioni  of  the  0.  S 
Langth  ot  •Mtlon  ibast  nine  mllu. 
d.  Upper  SUnrlu  (Wsnlock  abtle,  ud  LIudoTBiy  uuditoneX 
c  LljmdeUo  Sua.  >  . 
b.  LlngnU9.c    }  l*ww  BanrtMl. 


The  section  in  sheet  34,  likewise  drawn  by  Mr.  Aveline,  is  generally 
similar,  but  ezhibita  an  apparent  thickness  of  8B,000  feet  That  in 
sheet  37,  drawn  by  Hi.  Selwyn,  acroes  the  country  between  Harlech  and 
Dolgelli,  shews  8000  feet  of  thick  beds  of  hard  gtay,  and  greenish 
gray  qnartz  rock,  saudatone,  and  bine,  green,  and  purple  clay  slate,  the 
lower  part  of  the  aeries  not  being  seen. 

The  section  on  sheet  31  of  the  Hor.  Sec  of  the  Geological  Sur- 
vey was  drawn  by  Profeaaor  Ramsay,  and  crosses  from  the  Mcnai  Strait 
over  Glyder  Fawr  to  the  north  of  Snowdon.  It  shews  the  upper  6000 
feet  of  the  Cambrian  series,  consisting  of  green  and  purple  slates,  grits. 


436 


CMfBRIAN  PERIOD. 


sandstones,  and  conglomerates,  the  pebbles  in  the  latter  consisting  of 
quartz,  quartz  rock,  purple  sandstone,  blue  slate,  black  slate,  quartzifer- 
ous  porph}Ty,  and  green  jasper. 

The  Penrhyn  and  Llanberis  slate  quarries  are  worked  in  a  band 
of  slate,  in  the  upper  part  of  this  series. 

Characteristic  Fossils. — No  traces  of  organic  remains  have  as  yet 
been  observed  in  these  rocks  in  North  Wales.  In  the  Longmynd,  how- 
ever, Mr.  Salter  discovered  on  the  surface  of  some  of  the  slabs  numerous 
small  pits  occurring  in  pairs,  which  he  l^elieved  to  be  the  burrows  of  small 
sea- worms,  and  called  AreiiicoUtes  Didt/maySiTid  ako  an  obscure  impression, 
which  he  supposed  to  be  that  of  part  of  a  trilobite,  which  he  called 
Palceopyge  Ramsayi,  This,  however,  always  appeared  to  me  to  be  nothing 
more  than  an  accidental  marking  on  the  surface  of  a  piece  of  rock. 

Ireland. — In  the  northern  part  of  the  County  Wicklow  ;  in  the 
hill  of  Howth,  in  County  Dublin  ;  and  in  the  Forth  mountain  district 
of  South  Wexford,  are  great  masses  of  rock,  believed  to  belong  to  the 
same  series  as  those  just  described  in  North  Wales.  Like  them,  they 
consist  of  massive  beds  of  grit  and  slate,  of  dull  green,  brown,  purple, 
and  liver  coloured  hues,  but  in  Ireland  they  have  also  many  thick,  but 
irregiJar,  and  often  interrupted,  beds  of  brown  and  yellowish  quartz 
rock  interstratified  with  them. 

They  are  greatly  disturbed  and  confused,  so  that  no  continuous 
section  can  be  followed  in  them,  although  single  detached  exposures 
shew  thicknesses  of  several  thousand  feet. 

Bray  Head,  the  Devil's  01  eD,  and  the  hill  called  Carrick  MacReily 
south  of  that  glen,  the  cliffs  and  rocks  of  Howth,  exhibit  characteristic 
examples  of  the  rocks,  while  those  of  Wexford  may  be  seen  on  the 
banks  of  the  Slaney,  and  on  the  coast  about  Cahore  Point. 

Fig.  108  is  a  section  representing  the  structure  of  Bray  Head. 


SOUTH 


NORTH 


Fig.  108. 

Sketch  section  of  Bray  Head.    Length  of  section  abont  2  miles. 
0.  Quartz  rock.  Q  h.  Granite  blocks. 

NoU. — In  this  figure  the  lower  jiart  is  intended  to  represent  the  coast  section,  and  the 
npi)er  part  the  slope  of  the  hill  above  it.  There  are  more  bands  of  quartz  rock  on  the  hill 
top  than  appear  in  the  sea-cliffs,  but  the  one  which  forms  the  summit,  792  feet,  comes  down 
to  the  cliffs,  as  indicated  by  the  two  lines  ;  the  beds  in  the  cliff  were  cross-barred  in  the 
original  drawing,  although  that  character  has  been  omitted  in  the  wood-cut 

Characteristic  Fossils. — The  late  James  Flanagan,  fossil  collector  to 
the  Irish  branch  of  the  Geological  Survey,  detected  the  little  radiated 
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Eoophyte  wMch  Edwaid  Foibea  named  OldLomia,  after  Frofeaeor  Old- 
ham, vlio  was  then  the  local  Ditector  of  the  Surref .  Br.  J.  TCinahan 
found  marks  on  the  lockg  of  Bray  Head  like  tiie  moondg  and  holes  c^ 
lob-wonna,  and  was  led  theiebj  to  the  diacoreiy  of  the  casta  of  the 


tnbea  below,  and  by  a  lucky  blow  disclosed  one  which  retained  beautifully 
diatinct  marks  of  the  tentacles,  to  which  scant;  justice  is  done  in  the 
figure,  c.     He  named  the  species  Hittiodtrma  Hibtmicum. 

Holt.—T)Kae  apwlmnu  0x3  be  Hen  In  Ihe  ralmmtologlcal  Guller;  at  tlw  Houtun  In 
Blephen'*  Oretn,  Dublin,  »lilcb  wm  uriginilljr  fgnndoiJ  u  the  UuHom  or  EconomJc 
OeologjinDublln,  Bvovedlr  on  the  model  ot  Che  one  thni  eitibllelied  In  Cimlg**  Court  In 
London,  nnd  now  remared  to  JeiiDjv  Street  The  title  of  the  Huenni  In  Doblln  hu  itnce 
been  altered  Into  tho  *'  Unmun  of  Irish  IndtuCty/'  bnt  the  geologlcftL  put  of  It  coneltttl 
of  the  collections  of  rouLli.  rocki,  and  mineral!  made  br  the  Geulogfcal  finrrey  In  Gnat 
Britain  ami  ireluid.  tDgsther  with  subHquent  puichaua  rnnde  by  the  Dlnctoi,  Bli  R. 


■  The  fractional  nuinlwni  appended  to  Iheee  Ugurei  tienoto  the 
w  urliflnriLi,  ab  ),  oTLp-thin],  etc.  If  the  hlgtieat  fignre  be  ttie  n 
lean  that  the  flgure  waa  three  tiniea  the  alae  of  the  orlglnaL 
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The  fossil  group  No.  1  contains  repiesentatdons  not  only  of  the 
characteristic,  but  of  all  the  known  fossils  of  the  Cambiian  locks,  except 
the  imaginary  Palajopyge.  The  Oldhamia  radiata  is  very  common  in 
certain  beds  of  purplish  and  greenish  arenaceous  slates  in  two  or  three 
places  on  Bray  Head.  O.  antiqua  is  more  rare,  but  has  been  found  not 
only  at  Bray  Head,  but  at  Howth,  and  Greystones  by  Dr.  Einahan,  and 
was  procured  largely  from  Carrick  mountain,  by  J.  Flanagan,  in  soft 
greenish  slate. 

The  Histioderma  has  not  yet  been  found  anywhere  except  at  Bray 
Head,  where  it  was  discovered  by  Dr.  Kinahan.  It  was  figured  and 
described  by  him  in  the  Journal  Geol.  Soc,  Dub.,  voL  viii.,  p.  68. 

Bohemia, — Probably  Stage  A  (crystalline  schist)  and  Stage  B  (slate 
and  conglomerate)  of  M.  Barrande.     No  fossils  known. 

Scandinavia, — Regio  1,  Fucoidarum  of  M.  Angelin  is  also  most 
probably  of  this  period. 

America. — The  Huronian  Series. — Mr.  Murray,  in  his  report  to  Sir 
W.  Logan  for  the  year  1866,  describes  a  great  series  of  green  slates, 
often  conglomeritic,  and  with  one  inlying  band  of  limestone,  the  series 
having  a  total  thickness  of  not  less  than  10,000  feet,  as  lying  above  the 
Laurentian  series,  and  passing  "  unconformably  below  the  lowest  of  the 
fossiliferous  strata  of  the  Silurian  system." 

We  may  then  assume  that  this  Huronian  series  was  deposited  during 
the  Cambrian  period,  although  no  fossils  have  as  yet  been  found  in  it 

The  Tacoiiic  St/stem  of  Dr.  Emmonds  is  possibly  of  the  Cambrian 
period,  so  far  as  its  lower  portion  is  concerned,  though  its  upper  part 
is  clearly  Cambro-Silurian. 


Life  of  the  Period. 

Although  Edward  Forbes  named  the  two  species  of  Oldhamia,  he 
did  not  discuss  their  zoological  relations  beyond  pointing  out  their  re- 
semblance in  some  respects  to  a  Sertularian,  and  in  others  to  a  Bryozoan 
(Polyzoan)  animal. — {Jout^nal  Geol.  Soc.,  hub,,  vol.  iv.,  p.  20.)  Dr. 
Kinahan  describes  the  genus  at  length  (in  the  Trans.  R.  L  Academy, 
vol.  xxiii.,  science),  and  believes  them  to  have  been  zoophytes,  allied  to 
Sertularia,  though  other  highly  competent  judges  think  they  were  more 
probably  Polyzoan. 

There  can  be  little  doubt  of  the  tubes  under  the  mounds  with 
central  holes,  called  Histioderma  by  Dr  Kinahan,  Vjcing  the  burrows 
of  sea-worms. 

These  fossils  are  more  than  ordinarily  interesting,  as  being  the  first 
distinct  traces  of  life  upon  the  globe  that  we  as  yet  know  anything  of. 
Are  wc  warranted  in  looking  on  them  as  being  the  earliest  forms  of 


CAHBBUN  PERIOD.  439 

life  that  existed  on  the  globe  ?     It  seems  to  me  that  this  would  he  an 
unwarrantable  conclusion. 

The  existence  of  beds  of  limestone  in  the  Pnd-Cambrian  rocks  of 
North  America,  seems  to  involve  the  supposition  of  the  existence  of 
organic  beings,  in  order  to  secrete  the  carbonate  of  lime  from  the  waters 
of  those  early  seas.  Whether  that  be  necessary  or  not,  the  intense 
metamorphism  which  has  affected  aU  the  Pres-Cambrian  rocks  we  yet 
know,  may  well  have  obliterated  all  traces  of  their  organic  remains. 

The  argument  that  no  fossils,  except  the  few  above  mentioned,  have 
yet  been  found  in  so  vast  a  thickness  of  Cambrian  rocks  as  is  shewn  in 
Wales  and  Ireland,  or  the  Huronian  and  lower  Taoonic  series  of  Ame- 
rica,— and  that  if  more  had  existed  their  remains  must  have  been  dis- 
covered, is  certainly  one  well  worthy  of  consideration.  Nevertheless, 
it  is  not  entirely  conclusive  against  the  existence  of  other  organic  beings, 
either  during  the  Cambrian  period  or  before  it  We  have  in  South 
Wales  and  South  Ireland  as  vast  a  thickness  of  red  and  green  sand- 
stones and  clays,  of  much  more  recent  date,  in  which  fossils  are  equally 
rare  over  very  large  areas.  The  Old  Red  Sandstone  (so  called)  of 
Kerry  and  Cork  exhibits  detached  sections  in  the  heart  of  the  forma- 
tion, apparently  10,000  or  12,000  feet  thick,  in  which  no  search  has 
yet  detected  the  trace  of  a  fossiL  Where  affected  by  slaty  cleavage,  the 
rocks  are  often  so  precisely  similar  to  the  Cambrian  rocks  of  Wicklow, 
tliat  an  observer  unconsciously  transported  from  one  district  to  the 
other,  would  be  quite  unaware  that  he  had  changed  his  ^^  formation.'* 
Yet  underneath  the  Old  Red  Sandstone  of  South  Ireland  and  South  Wales 
lie  several  large  fossiliferous  groups  of  rock.  Had  those  fossiliferous 
groups  been  so  metamori^hosed  as  to  have  had  their  fossils  oblite- 
rated, and  the  Old  Red  Sandstone  of  the  British  Islands  been  more 
indurated  and  generally  "  cleaved,"  and  here  and  there  metamorphosed 
into  mica  schist  and  gneiss,  we  should  have  regarded  the  few  plants  or 
other  fossils  it  occasionally  contains  in  its  uppermost  beds  as  the  earliest 
traces  of  life,  and  the  Carboniferous  fossils  might  have  been  considered 
its  first  great  assemblage,  as  the  Cambrian  and  Cambro-Silurian  fossils 
are  often  now  considered. 

If  we  look  at  these  traces  of  life  and  attempt  to  draw  a  reason  from 
them,  d  priori,  why  they  should  be  the  first  living  forms  that  existed  on 
the  globe  we  can  find  none.  It  seems,  as  before  pointed  out,  impossible 
that  animal  life  could  commence  its  existence  before  vegetable  life  was 
abimdant,  on  which  it  could  be  supported.  The  earliest  life  of  the 
globe  then  must  have  been  vegetable.  Even,  however,  if  we  grant 
that,  and  suppose  that  that  early  vegetable  life  perished  without  leaving 
any  trace  of  its  existence,  what  reason  con  we  see  why  an  annelid 
and  a  zoophyte  or  zoophytic-mollusc,  so  widely  separated  as  they  are 
in  the  scide  of  existence,  should  be  the  first  of  all  created  beings  ? 
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Can  we  conceive  the  world  peopled  by  Oldhamia  and  ArenicoliteSy  and 
Histioderma  alone  ?  Such  a  notion  seems  to  me  an  absurdity.  Their 
analogues  of  the  present  day  serve  as  links  in  the  chain  of  aniipal  life, 
not  only  in  the  eyes  of  the  biologist  who  studies  their  physiological 
relations,  but  also,  doubtless,  as  subservient  to  the  well-being  of  other 
animals  whose  very  existence  depended  upon  them.  To  me,  I  must 
confess,  the  existence  of  such  detached  portions  of  that  chain  is  as  good 
evidence  of  the  existence  of  intennediate  links  between  them^  and  of 
others  iiidcfinitely  beyond  them  on  each  side,  as  would  be  the  finding 
of  two  broken  links  of  a  watch  chain  evidence  that  the  remainder  of 
the  chain  had  existed  along  with  them. 

It  is  of  course  impossible  to  teU  the  extent  of  the  chain  in  either 
direction,  but  intermediate  links  must  have  been  there  ;  and  there  is 
no  great  probability  of  Oldhamia  having  been  the  lowest,  or  Histio- 
derma the  very  highest  of  the  living  beings  of  the  Cambrian  period. 


CHAPTEE  XXVII. 

LOWER  (OR  CAMBRa)  SILURIAN  PERIOD. 

Upper  Cambrian  of  Professor  Sedgwick. 

The  term  Silurian  is  derived  from  the  name  of  an  old  British  tribe,  the 
Silures,  who  inhabited  part  of  South  Wales  ;  their  borders  being,  for 
geological  purposes,  a  little  extended  into  Shroi)shire,  on  the  one  hand, 
and  Pembroke  on  the  other,  and  the  district  christened  SDuria.  The 
rocks,  first  surveyed  in  that  district  by  Sir  R.  I.  Murchison,  were  di- 
vided by  him  into  two  series,  an  upper  and  a  lower.  These  rocks, 
especially  the  lower  part  of  the  series,  were  afterwards  found  by  the 
Geological  Survey  to  spread  to  the  north-west  in  many  large  undulations 
so  as  to  extend  throughout  North  Wales  also,  where  they  were  first  sur- 
veyed by  the  Rev.  Professor  Sedgwick.  They  may  conveniently  be  sepa- 
rated into  two  series,  the  Lower  (or  Cambro-)  SUurian,  and  the  Upper 
Silurian  or  Silurian  Proper ;  and,  as  before,  we  may  take  these  terms 
for  the  provisional  designations  of  the  periods  during  which  they  were 
formed. 

TYPICAL  ROCKS. 

Wales. — Merionethshire  and  Caernarvonshire  in  North  Wales,  and 

Caermarthenshire  in  South  Wales,  afibrd  us  the  best  developed  and 

most  tyj)ical  groups  of  the  rocks  formed  during  this  period. 

The  grouj)s  are  the  following  : — 

Feet 

4.  Lower  Llandovery  rocks  .         .         .  1000 

3.  Bala  beds,  or  Canidoc  rocks     .         .         .  6000 

2.  Llandeilo  flags 6000 

1.  Lingula  flags  .....  5000 

The  diagrammatic  section  given  in  Fig.  109,  will  shew  the  relations 
of  these  gi-oups  to  each  other  in  the  county  of  Merioneth. 

This  section  is  condensed  (by  omittiug  the  igneous  rocks,  and  the 
cur\'es  and  fractures  which  cause  the  same  beds  to  be  repeated  over  the 
ground)  from  that  on  sheet  37  of  the  Horizontal  Sections  of  the  Geolo- 
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gical  Survey,  which  runs,  from  near  Harlech,  bctobb  the  cotmtiy  sonlih 
of  Bala  Lake.     It  was  run  by  Mr.  Selwyn,  Mr.  Aveline,  and  myBelf. 


vnsx 

HAIUICH 


CKOUND  &«f  BAU  IME  ^1 


Base  of 
Upper  Siln. 

Lower,  or 

Cambro- 

Silurian. 


Fig.  109. 
g.  Denbighshire  sandfltone  (Weulock  fossils) 


(/.  Tarannon  shalen  (pale  slate) 


1 


Feet. 

WOO 
500 
200 


5700 


«r.  Lower  Llandovery  sandstone    . 
d.  Bala  beds 

UA  Himant  limestone  in  BaU  beds 

U.  1  Bala  limestone  in  Ditto 

c.  Llandeilo  flags 3900 

Vb.  Lingnla  flags 5000 

(I.  Cambrian  rocks 8000 


The  relation  of  the  lower  part  of  the  Cambro-Silurian  series  to  the 
Cambrian  rocku  is  also  shewn  in  Fig.  107,  where,  however,  the  upper 
part  of  the  Cambro-Silurian  series  is  concealed  by  unconfonnable  beds 
belonging  to  the  Upper  Silurian  series. 

Sheet  3 1  of  the  Sections  of  the  Geological  Survey,  drawn  by  Pro- 
fessor Ramsay  from  the  Menai  Straits  over  Glyder  Fawr,  shews  a  simi- 
lar relation  and  succession  of  groups. 

Ill  all  cases  in  North  Wales,  there  seems  to  be  a  perfect  conformity 
between  the  Cambrian  and  the  base  of  the  Cambro-Silurian  series,  and  a 
regular  gradation,  so  that  it  is  difficult  to  fix  upon  any  determinate 
boundary  between  the  two.  This  is  the  case  even  with  the  sub^vi- 
sions  of  the  Cambro-Silurian  rocks  themselves,  since  the  dark  slates 
and  grits  or  Hags,  of  the  Lingula  flags,  Llandeilo  flags,  and  Bala  beds, 
are  often  so  similar,  and  graduate  one  into  another  so  gently,  that  no 
good  physical  boundaries  can  be  detected  between  the  groups,  and  we 
are  dependent  solely  on  the  fossils  for  their  separation. 

In  South  Wales  the  obscurity  is  greater  on  accoimt  of  the  lie  of  the 
rocks,  which  are  greatly  disturbed,  often  vertical,  and  traversed  by  nu- 
merous and  rapid  flexures,  so  that  although  the  type  of  the  Llandeilo 
flags  is  to  be  sought  in  Caemiarthenshire,  it  would  have  been  impos- 
sible there  to  determine  the  whole  series.  It  was  necessary,  indeed,  to 
trace  the  rocks,  step  by  step,  from  Caermarthenshire  into  MerionetJi 
and  Caernarvon  before  this  could  be  properly  done,  as  it  is  also  neces- 
sary to  follow  them  from  both  North  and  South  Wales  into  Shrop- 
shire, before  their  relations  to  the  deposits  of  the  next  period  can  be 
completely  understood. 
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LinguUi  Flags. — Immediately  to  the  westward  of  the  Cambrian 
rocks  of  the  Longmynd  in  Shrop^ure^  and  therefore  above  them,  since 
the  dip  of  the  rocks  there  is  to  the  west,  come  some  dark  slaty  shales 
with  beds  of  grit  and  flagstone,  having  a  thickness  of  3000  or  4000 
feet  (see  fig.  107). 

In  Merionethshire,  in  the  Barmouth  and  Harlech  country,  the 
Cambrian  rocks,  rising  up  en  masse  about  Rhinog  Fawr,  stretch  roimd 
it  with  a  semicircular  sweep,  dipping  near  Harlech  to  north-west,  near 
Trawsfynnydd  to  north,  and  then  curve  round  so  as  to  dip  eastward, 
thence  down  to  Barmouth.  They  ever3rwhere  dip  imder,  and  are 
succeeded  by,  masses  of  dark  slate,  often  ferruginous,  with  banded 
arenaceous  flags,  the  surfSEUses  of  which  are  spotted  with  impressions  of 
lingulse.  The  beds  thus  characterized  have  a  thickness  of  about  5000 
feet  in  this  locality. 

In  like  manner,  in  Caernarvonshire,  between  the  Menai  Straits  and 
the  crest  of  the  Snowdon  range,  the  Cambrian  rocks  dip  beneath  3000 
or  4000  of  dark  blue  or  black  slate,  with  gray  and  brown  sandstone. 

These  beds  are  the  Lingula  flags  of  Professor  Sedgwick  and  Mr. 
Davis,  a  term  that  has  l)een  adopted  by  the  Geological  Survey. 

Characteristic  Fossils  of  the  Lingula  Flags, — They  contain  a  i>ecu- 
liar  assemblage  of  fosgils,  of  which  the  following  may  be  taken  as  the 
most  characteristic  species  : — 


Cniziana  semiplicata 

Dictyonema  sociale 

Lingula  Davisii 

lepis. 

Orthis  remota 


Plant. 


Polyzoa, 


Brachiopoda, 


Crustacea, 


Agnostus  pisiformis 
Conocephalus  invitus     . 
Ellipsocephalus  depressus 


Foss.  gr.  2,  a.^ 


Foss.  gr.  2,  b. 


Foss.  gr.  2,  r. 

Sil.  Foes.  9,  fig.  13. 


Foss.  gr.  2,  e. 
Sa.  Foss.  7,  fig.  1. 
SiL  Foss.  7,  fig,  2. 


"  The  referencea  here  given  point  out  where  flgnrea  of  the  fossils  named  may  be  seen. 
"  Foss.  gr."  refers  to  the  groups  of  fowiils  figured  in  this  work.  **  Q.  J.  Oeol.  Soc.,"  to  the 
Quarterly  Journal  of  the  Geological  Society  of  London ;  *'  SiL  foes./'  to  the  groups  in  the 
woodcuts  in  the  3d  eilition  of  "  Siluria ; "  "  Sil.  foss.  pi./'  to  the  plates  in  the  same ;  "  Pal. 
foss.,"  to  M 'Coy's  Palscozoic  Fossils,  published  by  Professor  Sedgwick ;  "  Dec.  G.  8.,"  to 
the  Decades  of  the  Geological  Sur\'ey ;  "  M'Coy  Sil.  foss./'  to  the  Silurian  Fossils  of  M'Coy, 
published  by  Sir  R  Griffith,  Bart ;  "Portl.  G.  R,"  to  Portlock's  Geological  Report." 
Other  sources  will  be  p<)|nted  out  hereafter. 
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These  foasile,  with  some  other  trilobites,  such  as  Sao,  fonn  the 
aaaemblflge  to  which  Barrande  gives  the  nmue  of  the  Primoidial  &nna 

Handfila  Flags. —  In  each  of  the  districts  just  mentioned  as 
exhibiting  the  LinguLi  flags,  there  occur  above  them  other  beds  of  dark 
slate  and  sandy  flags,  with  bonds  of  sandstone  occasional!;,  whidi 
cannot  be  separated  physically  from  those  below  them,  but  contain  A 
different  group  of  fossils. 

In  South  Wales  these  fossUs  ore  found  in  a  well-marked  group  di 
rocks,  conHisting  of  finely  lanunated  dark  blown  sandy  flagstones,  inter- 
stratified  with  black  earthy  slates,  and  contoinii^  calcareous  bands  tlutt 
sometimes  become  r^ulai  limestones,  and  are  still  worked  for  lime. 
{Mwc/iiaon't  iSilui-ui,  p.  65,  3d  ed.) 

Similar  rocks,  likewise  containing  one  (oi  two)  ^^ands  of  limeetraui, 
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occur  also  in  Noith  Wales,  near  Llanrhoidr  3m  Modmant,  the  limestone 
forming,  in  one  place,  a  conspicuous  crag  called  Craig-y-Glyn. 

In  South  Wales  the  beds  are  very  well  seen  near  the  small  town  of 
Llandeilo  Fawr,  whence  Sir  R  L  Murchison  named  them  the  Uandeilo 
flags. 

Characteristic  Fossils  of  the  Llandeilo  Flags, — Characteristic  fossils 
are  abundant  at  the  localities  mentioned,  and  may  frequently  be  procured 
in  other  places,  wherever  the  grouj)  is  exhibited. 

In  a  quarry  by  Pont  Ladies,  near  Llandeilo  Fawr,  I  observed,  in  the 
year  1867,  some  dark  gray  carbonaceous  shales,  with  beds  of  brownish 
sandstone,  covered  with  black  stains,  like  the  remains  of  plants.  Some 
of  these  were  curved  linear  stripes,  an  inch  wide,  and  two  or  three  feet 
long  ;  others  were  black  concretionary  nodules  squeezed  flat  in  dimple- 
like depressions,  and  some  stains  going  through  the  beds  like  roots. 
They  were  associated  with  small  corals,  and  covered  by  beds  containing 
the  trilobite  named  Ogygia  Buchii ;  otherwise,  the  beds  looked  like 
Coal-measures  with  plant  remains.  They  were  possibly  the  tangled 
remains  of  sea-weeds,  matted  together  in  a  bed  of  silt  They  are 
interesting  as  giving  us  a  possible  clue  to  the  existence  of  beds  of 
anthracite,  presently  to  be  mentioned  as  occurring  either  in  these  rocks 
or  the  next  succeeding  group. 

The  following  is  a  list  of  the  more  remarkable  of  the  fossils  found 
in  this  group,  according  to  the  classified  list  drawn  up  by  Messrs.  Salter 
and  Morris,  and  given  by  Sir  R  I.  Murchison  in  the  last  edition  of  his 
Siluria. 

Plants, 


Chondrites  regularis 
Palaeochorda  major 


mmor 


Actinosoa 


Q.  J.  Qeol.  Soc.,  xi  p.  473. 
Pal.  foss.  t.  1  A. 
Do.         do. 


SiL  foss.  10,  fig.  22. 


Nebulipora  favulosa     . 

Polyzoa, 

Didymograpsus  Murchisonii 
Diplograpsus  foliaceus 
Graptolithus  Sagittarius 
Bastrites  peregrinus 

Brachiopoda, 

Lingula  attenuata        ....         Sil.  foss.  10,  fig.  18. 

Orthis  alata Foss.  gr.  3,  c. 

Siphonotreta  micula     ....         SiL  foss.  10,  fig.  17. 

*  All  fossil  Actinozoa  ore,  of  course,  corals,  since  those  without  corals  could  scarcely  be 
preserved  in  any  way  except  as  veiy  obscure  marks  in  rocks. 


Foss.  gr.  3,  a. 

SiL  foss.  pi.  1,  fig  2. 

Q.J.  QeoL  Soc,  viiL  p.  390. 

Foss.  gr.  3,  b. 
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Conehiferv. 


Ct«nodoDta  keru 
Cacnilela  Aaglica 


LluidBilo  Fl»g  Fota 
6.  ButrlUi  peregrinun. 

rf,  TrioBClTOlOlublUtia, 
/.  Ogygl.  BnchU. 

Enorophalus  ComdenaiB 
Opbileta  compocta 

OtuUropoda. 

Sil.  foes.,  pi  7. 
SiL  foes.  38. 
SiL  fofle.  8. 

Moclurea  Lugani 
Peachii         . 

Pttropoda. 

Sil.  foM.  37,  fig.  ]. 
SiL  torn  as,  figs.  1, 

OrthocerflB  Avelinii      . 

Annelida. 

Si!.  fosB.  8,  fig.  4. 

Sedgwickii 

SU.  foBS.  42,  fig.  3. 
SiL  foMk  42,  fig.  2. 
JIalTem  Vzoc,  pt  1 
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Crustacea, 


^lina  binodosa 
Ampyx  nuduB  . 
AsaphuB  laticostatOB 

tyTannufi 

Calymene  pcorifrons 
niaenus  Mnichisoidi 
Ogygia  Buchii     . 
Selwynii 


Trinucleufi  fimbriatus 
Lloydii 


SiL  foss.  8,  fig.  6. 
SiL  foBS.  46,  fig.  7. 
PaL  foss.,  p.  170. 
Fobs.  gr.  3,  e, 
SiL  foss.  9,  fig.  4. 
Dec  G.  a,  2. 
Foss.  gr.  3,  /. 
SiL  foss.  9,  fig.  8. 
Fobs.  gr.  3,  d, 
SiL  foss.  10,  fig.  7. 


Bala  and  Caradoc  Group,  —  The  central  part  of  Merioneth, 
around  the  town  of  Bala  and  its  lake,  affords  the  most  typical  example 
of  these  rocks.  No  hard  line,  however,  can  be  drawn  between  them  and 
the  Llandeilo  flags  below.  The  black  elates  gradually  become  more 
sandy  and  gritty  in  texture,  and  more  gray  in  colour,  as  we  }>ass  from 
the  Arenig  mountains  towards  Bala,  so  that  over  the  black  slates 
which  we  may  assign  to  the  Llandeilo  flags,  we  get  gray  grits  and  slates 
with  a  total  thickness  of  5000  or  6000  feet,  which  we  may  class  with 
the  Bala  beds.  This  thickness  may  be  subdivided  near  Bala  in  the  fol- 
lowing way  : — 

{See  sect  1071  fy,  109.) 


7.  Dark  gray  and  black  sandy  slates 

6.  Himant  limestone 

5.  Gray  sandy  slates  and  grits 

4.  Bala  limestone 

3.  Gray  sandy  slates  and  grits 

2.  Bala  ash  bed 

1.  Gray  sandy  slates  and  sandstones 


Feet. 
1200 

10 
1500 

25 
1400 

15 
(say)  1350 


5500 


No.  2.  The  Bala  ash  bed  disappears  in  the  hills  to  the  south  of  the 
lake,  although  No.  4,  the  calcareous  band  called  the  Bala  limestone,  i» 
distinctly  traceable  some  miles  farther  south,  dying  away  towards  Dinas 
Mowddwy.  The  Himant  limestone.  No.  6,  is  only  seen  at  one  spot  in 
the  valley  called  Himant,  three  miles  east  of  Bala,  and  another  a  mile  or 
two  north  of  it.  As  the  beds  are  traced  to  the  north-west  and  we^t, 
the  Bala  limestone  retains  its  characters  very  persistently  to  the  neigh- 
bourhoo<l  of  Penmachno,  and  the  ash  bed,  No.  2,  is  always  found  at 
about  the  same  distance  below  it ;  another  similar  ash  bed  coming  in. 
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in  some  places,  about  a  thooaand  feet  lower  down.  The  occurrence  td 
th«  two  peculiar  beils,  the  limestone  and  the  ash  below  it,  enabled  me, 
when  BUTveying  the  ground  in  1646  and  1847,  to  trace  them  thiough 
a  number  of  laige  dislocations  across  a  broken  conntiy,  from  the  vaSlej 

of  the  Dee  to  that  of  the  Conway. 

To  the  west  of  the  Conway  valley  the  Bala  beds  become  more  and 
more  invaded  by  igneous  rocks,  both  contemporaneous  and  intrusive, 
and  the  ash  beds  join  on  to  their  parent  bands  of  contempoianeous 
trap.  The  gray  gritty  slates  become  more  purely  black  slate  as  we 
approach  the  town  of  Conway,  though  thick  beds  of  brownish  sand- 
stone occur  in  them.  Some  of  these  sandstones  are  calcareous,  and 
probably  are  on  the  same  horizon  as  the  Bala  limestone,  and  they  hare 
below  them  two  thick  masses  of  felstone  trap,  separated  by  slat*,  which 
contains  a  pecuhor  bed  of  purple  conglomerate  ;  these  felstones  being, 
perhaps,  the  old  submarine  Hows  from  which  the  atih  beds  of  the  Bala 
countiy  derived  their  origin.  This  peculiar  succession  again  made  it 
possible  to  trace  a  series  of  faults  nith  throws  of  two  or  three  thou- 
sand feet  across  the  hills  south  of  Conway. 

Farther  south  a  great  calcareous  ash,  formii^  the  upper  part  of 
Snowdon,  is  considered  by  Professor  Ramsay  to  be  the  representative 
of  the  Bala  limestone ;  and  enormous  masses  of  igneous  rocks  spread 
below  it  with  such  complication  as  Ic  have  required  years  of  labour  on 
the  part  of  my  colleagues,  Ramsay,  Selwyn,  and  Aveline,  to  disentangle 
and  lay  them  down  on  the  published  maps  and  sections  of  the  Geologi- 
cal Survey.  For  not  only  were  these  great  masses  of  igneous  rocks  of 
almost  all  varieties,  and  both  of  contemporaneous  and  intrusive  charac- 
ter, but  similar  igneous  masses  occur  on  dilferent  geolo^col  horizons. 
The  traps  of  Snowdonia,  for  instance,  which  lie  in  the  Bala  beds,  die 
away  towards  the  south-east  into  one  or  two  thin  ash  beds,  and  gradually 
disappear  altogether,  while  a  similar  series  commence  in  that  direction 
in  the  Uandeilo  and  Lingula  flags,  forming  the  hills  known  as  the 
Arenigs,  Aran  Mowddwy,  and  Cader  Idris.  A  corresponding  change 
takes  place  simultaneously  in  the  aqueous  rocks,  the  Bala  beds  of  Caer- 
narvonshire more  nearly  resembling  some  of  the  Llandeilo  beds  of 
Merioneth  than  they  do  those  of  the  proper  Bala  coimtry.  This  chang- 
ing series  is,  moreover,  thrown  into  many  abrupt  cun'atiires  over 
parallel  anticlinal  and  synclinal  axes,  the  radii  of  the  curves  being  often 
some  miles  in  length,  while  numerous  and  very  large*  dislooatione 
traverse  the  rocks  in  almost  every  direction,  leaving  them,  in  some  portA, 

■  One  magnlScent  dlilociUan  rans  for  nearly  BlxtT-iii  mllcB  tmio  tlie  lowlsiid  of 
CbnUn,  through  Ihe  Hnodnd  oT  r>l«  In  Denblghihin,  dovn  tbrougli  Bals  L&ke,  on  Uw 
mat  ■id*  of  Arm  and  out  of  Cnder  Idils,  throogb  Tsl-j-lJjn  to  the  bm  cdmI  near  Towyn. 
It  dbloutH  the  CuboDiferona  u  mil  u  ttae  Lowei  BUnrlBn  rocki,  and  has  u  appmat 
downtlirow  to  tlK  naith-weit  of  SOOO  or  UK  tteL  It  might  be  well  caUed  the  Yale  and 
Bdafknlt. 
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like  a  heap  of  disjointed  roiiiB.  The  mins,  too,  have  been  worn  and 
gullied  by  denuding  agencies,  and  are  only  to  be  examined  here  and  there 
where  they  are  uncovered  by  soil  or  vegetable  growth.  The  difficidty 
of  the  task  of  determining  the  former  order  and  arrangement  of  their 
several  parts  can  only  be  appreciated  by  those  who  go  over  the  ground 
with  the  geological  maps  and  sections  in  their  hands,  and  verify  our 
interpretation  of  its  structure. 

If  from  the  typical  Bala  county  we  proceed  eastwards  towards 
Shropshire,  the  Bida  beds  assume  another  phase.  They  lose  most  of 
their  igneous  rocks,  and  much  of  their  slaty  character,  and  pass  into  a 
foi^mation  of  brown  sandstone  with  occasional  calcareous  bands,  in  which 
form  they  were  first  described  by  Sir  R  I.  Murchison  under  the  name 
of  the  Oaradoc  Sandstone.  This  name  is  derived  from  the  hill  called 
Caer  Caradoc,  near  Church  Stretton,  the  ancient  caer  or  camp  on  which 
is  named,  after  the  old  British  King,  Caradoc,*  whom  the  Romans 
called  Caractacus. 

Chcuracteriattc  Fossils  of  the  Bala  and  Caradoc  Rocks, — ^In  the 
identification  of  a  formation  thus  varying  in  lithological  type,  it  is 
obvious  that  great  assistance  must  be  derived  from  its  everywhere  con- 
taining certain  characteristic  fossils,  of  which  the  following  is  a  list  of 
the  most  remarkable  and  abundant  species  : — 


Polyzoa, 


Didymograpsus  caduceus 
Diplograpsus  bullatus 
Fenestella  capillaris 
Graptolithus  Conybeari 
Ptilodictya  acuta 


Q.  J.  GeoL  Soc,  ix.  p.  87. 
Q.  J.  QeoL  Soc.,  vii  p.  174. 
PortL  Qeol.  Report,  p.  323. 
Q.  J.  (Jeol  Soc,  viiL  p.  390. 
SiL  foss.  27. 


Brachiopoda, 

Discina  (Orbicula)  punctata 
Orthis  elegantula 

flabeUulum 

insularis. 

vespertilio 

Strophomena  complanata    . 


Corichifcra, 


Ctenodonta  semitruncata 
Modiolopsis  expansa 
Orthonota  nasuta 


Sil.  foss.  35,  fig.  1. 
Foss.  gr.  4,  h, 
Foss.  gr.  4,  a. 

SiL  foss.  12,  fig.  7. 
SiL  syst,  p.  636. 


Foss.  gr,  4,  c, 
Foss.  gr.  4,  d, 
SiLfoBS.  12,  fig.  12. 


*  In  the  pronunciation  of  Welsh  woTxhi  the  accent  is  always  to  be  thrown  on  the  penul- 
timate Hyllablc,  so  that  although  in  Sbropsbire  the  name  is  pronounced  Car&doc,  in  Wales  it 
would  bo  called  Carftdoc. 
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Gasteropoda, 


Cyclonema  rupestre 
Holopa)a  concinna 
Raphistoma  equale 


Bellerophon  nodosuB 


Heteropoda, 


Cephalopodn, 


litmtes  Hibemicus  . 
Orthoceras  vagans 
Poterioceras  approximatum 


SiL  fo88.  37,  fig.  4. 
Fobs.  g^.  4,  fig.  e. 
SiL  foss.  37,  fig.  2. 


SiLfo88.  12,  fig.  11. 


Foss.  gr.  4,/ 

SU.  foes.  40,  fig.  1. 

WQoj,  SiL  foss.,  p.  10. 


^^^ 


Fossil  Group  No.  4. 
Bala  and  Candoc  FoaaOs. 


a  Orthia  flabellulnin. 

h  Orthia  elegantola. 

c  Ctonodonta  somitnincata. 


d  Hodiolopsia  expanaa. 
e  Holopea  concimiA. 
/  Litnites  Hibemlcua. 


Echirwdermata 


^ 


AgelacrinuB  Buchianus 
EcliinosphsBrites  aurantium 

Balticus 

Polteaster  asperrimus 

obtusus 

Spheronites  Litchi    . 


Crossopodia  Scotica 
Trachydenna  lasve. 


Annelida, 


SiL  foss.  30,  fig.  6. 
Foss.  gr.  6,  a. 
SiL  foes.  30,  fig.  1. 
SiL  foss.  31,  fig.  2. 
SiL  foes.  31,  fig.  1. 
Foss.  gr.  5,  h. 


SiL  foss.  42,  fig.  4. 
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Cnutaeea. 
Acidaqiu  Jameaii     .... 
j^^lina  miiabilis      .... 
AgnoetuB  trinodiu    .... 
AmphuB  Fowisii       .... 
BeyridiiA  complicata  {and  Uandeilo) . 
Caljmene  bievicapitata  {and  Llandeih) 
Chcinirus  daii&onB 
Harpe«  Flanagani   .... 
Illomus  BowiuAimi  {and  Handover^ 
niccnus  Davisii        .... 
Lichas  HibeniicuB    .... 
Phacops  apicuUtuB 
RemopleurideB  doTBO-Bpinifer 
StaumcephalnB  globiceps 
TrinucleuB  Betdcomin 


Dec  7, 1. 1). 
SiL  foBS.  26,  fig.  3. 
Fobs,  gr,  6,  /. 
'  SiL  foss.  44,  fig.  1. 
SiLfoss.  10,  fig.  10  a. 
SiL  foss.  10,  fig.  9. 
SiL  fosB.  48,  fig.  1. 
SiL  foes.  46,  fig.  4. 
Dec  a.  S.,  No.  2. 
Fow.  gr.  S,  c 
Fobs.  gr.  D,  d. 
FoBB.  gr.  6,  «. 
SiL  foss.  48,  fig.  0. 
PDrt.QeoLRep.,p.S57. 
SiL  foiB.  13,  %.  1. 


Foaiil  aroup  Ko,  i. 

Bala  and  Cuxloo  FtMiUa. 

•t  EcblnocphartlH  umntlDm.  d  Llchu  HJbernlcu. 

h  Bpheroiiil«i  LUcU.  t  Phicopa  iptcoUtiu. 

c  IllKHDl  ItaiTlill.  /  Agn»tiu  trinodiu. 

LoiBfr  Llandomry  Sandttoru, — In  tracing  the  top  of  the  Bala  beds 
from  North  WalM  into  South  Wales,  certain  beds  of  Bandatone  como  in. 
In  the  ncigh1>onrhood  of  the  little  town  of  Llandoveiy,  in  Caermartlicn- 
Bhire,  a  be<l  of  conglomerate  occurs  vhich  may  be  tnkcn  as  thi!  base  of 
u  Bcries  of  BondstoneB  and  ehales,  varying  ^m  200  to  900  feet  in 
thickness,  which  appear  lo  belong  physically  to  the  Bala  beds  ;  and  to 
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be  a  mere  local  subdivision  of  that  series.  There  is,  however,  rather  a 
peculiar  assemblage  of  fossils  in  them,  some  few  peculiar  to  the  group, 
some  ranging  into  it  from  the  Bala  beds  below,  some  ranging  through 
it  from  the  Lower  into  the  Upper  Silurian  groups,  and  some  com- 
mencing in  it  but  proceeding  from  it  into  those  groups.  The  foesils 
peculiar  to  the  group,  and  therefore  characteristic  of  it,  are — 

Polyzoa, 
Nidulites  favus  .....         Sil.  foss.  27. 

Brachiopoda, 

Atrypa  hemispherica  and  crassa    .         .         .         Sil.  foss.,  pL  9. 
Rhynchonella  augustifrons  .         .         .         Sil.  foss.  48. 

Orthis  virgata. 

Some  of  those  which  range  from  the  Bala  beds  below  into  the  Lower 
Llandovery  rocks,  are  the  following  : — 

Petraia  subduplicata  .....  SiL  foss.  14. 

Orthis  Actonise  .....  Sil.  foss.  32. 

Orthis  caligramma  .....  SiL  foss.  9. 
Murchisonia  simplex 

Homalonotus  bisidcatus,       ....  SiL  foss.  9. 

Illsenus  Bowmanni  .....  Dec.  G.  S.  2. 

Lichas  laxatus  .....  SiL  foss.  44. 

(See  Murchison^s  Siluria,  Third  Edition,  chapters  v.  and  ix. ;  and 
Horizontal  Sections  of  Oeol.  tStirvei/,  sheet  4.) 

The  group  is  connected  with  the  rocks  above  by  the  occurrence  of 
Pentameri,  especially  Pentamerus  lens  (Foss.  gr.  No.  6,  fig.  d),  in  great 
abundance,  and  by  the  following  fossils  : — 

Petraia  bina        ......         SiL  foss.  52. 

Atrypa  marginalis       .....         Sil.  foss.,  pL  9. 

Leptfena  scissa  and  transversalis  .         .         .         Sil.  foss.,  pL  9. 

besides  several  that  range  from  the  Lower  into  the  Upper  Silurian 
groups. 

It  is  probable  that  this  group  of  rocks  has  in  reality  a  much  wider 
extension  than  lias  yet  been  assigned  to  it,  and  that  it  occupies  more  or 
less  of  the  large  tract  of  Lower  Silurian  ground  which  spreads  in 
numerous  undulations  through  Cardiganshire  and  the  adjacent  counties. 
The  Plynlymmon  group  of  Professor  Sedgwick,  in  part  at  least,  belongs 
to  it,  as  appears  from  the  list  of  fossils  got  at  the  Devil*s  Bridge,  and 
determined  by  Mr.  Salter,  in  which  Atrypa  crassa  occurs.  (See  Quart, 
Jour.  Oeol.  JSoc.,  vol.  iii.,  p.  152.)  Professor  Sedgwick's  Aberystwith  group 
may  possibly,  perhaps,  belong  to  the  Bala  beds  below  ;  but  the  whole 
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country  is  so  violently  contorted,  and  thrown  into  such  nnmerous  and 
rapid  undulations,  that  it  is  almost  impossible  to  observe  directly  the 
order  of  superposition  of  the  rocks,  as  appears  from  the  fact  of  Professor 
SedgwicVs  placing  his  groups  below  the  Llandeilo  flags  instead  of  above 
them,  which  from  Professor  Ramsay's  section,  sheet  4,  is  obviously  their 
true  position. 

Cumberland  and  Westmoreland — ^The  Coniston  group  of  Professor 
Sedgwick  is  doubtless  in  part  equivalent  to  the  Bala  group.  Whether 
the  group  below  (his  Chloritic  slate  .and  porphyry)  ought  to  be  placed 
with  the  Llandeilo  flag  or  the  Lingula  flag,  or  either  of  them,  is  difficult 
to  decide  in  the  absence  of  fossil  evidence. 

His  Skiddaw  slate,  again,  in  which  fucoid  impressions  only  have 
been  found,  may  be  either  the  lower  beds  of  this  period  or  might  pos- 
sibly be  even  of  Cambrian  age. 

Scotland. — The  rocks  of  the  border  Highlands,  from  Dumfries  to  the 
Lammermuir  HiUs  belong  to  this  period,  probably  both  to  the  Llandeilo 
flags  and  the  Bala  group.  They  contain  among  others  the  following 
fossils  : — Diplograpsus  pristis,  sextans,  and  teretriusculus  ;  Oraptolites 
Sedgwickii,  Wilsoni,  Flemingii,  and  priodon  ;  Rastrites  peregrinus  ; 
Orthoceras  politum,  etc.  Associated  with  nimierous  Oraptolites  is  a  band 
of  Anthracite  traceable  for  lifty  miles  through  the  county  of  Dumfries 
{Harhiess,  Quart,  Jour.  GeoL  Soc.,  vol.  \tL,  p.  46).  In  other  parts  occur 
other  fossils,  the  same  as  those  of  the  Bala  beds  {Murchimn,  Quart.  Jour. 
GeoL  Soc.f  voL  vii.,  p.  1 39,  etc.,  and  Silurian  Third  Edition,  chap,  viii.) 

The  ({uartz  rocks  and  gneissose  flags  of  Sutherlandshire,  with 
which  beds  of  limestone  arc  interstratified,  belong  to  the  same  part 
of  the  period  as  the  Llandeilo  flags,  as  shewn  by  Sir  R  I.  Murchi- 
son  in  his  recent  papers  in  the  Quart.  Jour.  Oeol.  Soc.,  vols.  xv.  and  xviL 
The  quartz  rocks  contain  annelid  tubes  (Scolithus  linearis)  as  do  the 
quartz  rocks  of  the  Stiperstones  in  Shropshire  (see  fig.  107).  The  other 
beds,  particidarly  the  limestones,  contain  several  Orthoceratites  and 
other  chambered  shells,  as  also  species  of  the  univalve  shells  Maclurea, 
OphiletA,  and  Murcliisonia,  and  other  fossils.  It  is  singular  that  some 
of  the  species  are  identical  with  those  that  occur  in  North  America,  and 
do  not  occur  in  Wales,  and  that  the  assemblage  of  fossils  from  this  dis- 
trict has  more  of  an  American  than  of  a  British  facies.     (J.  W.  Salter.) 

Ireland. — ^The  Lingula  flags  are  not  yet  known  in  Ireland.  Their 
discovery  would  be  of  interest,  as  it  would  be  of  importance  to  know 
whether  they  would  be  conformable  to  the  Cambrian  or  to  the  Lower 
Silurian  rocks,  or  would,  as  in  Wales,  introduce  conformity  throughout 
the  series. 

The  Lower  or  Cambro-Silurian  rocks  of  Wicklow,  Wexford,  and 
Waterfoivl  are  of  the  Bala  and  Caradoc  age,  as  shewn  by  their  fossils, 
with  imfossiliferous  beds  below  them,  that  may  or  may  not  belong  to 


to 
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the  Llandeilo  flags.  They  consist  of  dark  blue  or  black,  and  gray  flags^ 
slates,  and  grits,  sometimes,  as  in  Wales,  becoming  puiple,  green,  oliTe, 
etc  They  contain  many  contemporaneous  beds  of  trap  and  aah  (fektoney 
etc)  like  those  of  Wales,  and  one  or  two  calcareoiu  bands  (very  like  the 
Bala  limestone)  near  Courtown,  and  at  Tramore. 

Their  thickness  must  be  many  thousand  feet,  but  there  aie  no  good 
continuous  sections  sufficient  to  determine  it  exactly. 

They  repose  on  the  Cambrian  rocks  below,  quite  unconfoimably, 
stretching  directly  across  the  ends  of  the  beds,  and  coming  into  contact 
with  different  portions  of  the  lower  rocks. — {See  Section  fy.  82,  p.  295.) 

The  fossils  are  found  only  in  the  upper  part  of  the  series  in  the 
neighbourhood  of  the  trai>s,*  and  calcareous  bands,  and  the  exact  rela- 
tions of  the  lower  beds  are  accordingly  unknown. 

The  island  of  Limibay,  and  the  promontory  of  Portraine  in  comity 
Dublin,  also  expose  slates  and  calcareous  bands  belonging  to  this 
period,  and  full  of  characteristic  Bala  fossils,  as  do  also  the  hills  of  the 
Chair  of  Kildore.  (See  explan.  of  sheets  102,  112;  and  119  of  the 
Maps  of  the  Qeological  Survey  of  Ireland.) 

Another  great  tract  of  apparently  similar  beds  stretches  from  the 
centre  of  Ireland  (Cavan,  etc),  to  the  coast  of  Down.  Among  these, 
however,  a  portion  certainly  belongs  to  the  Llandeilo  flags,  as  near  Bel> 
lewstown,  on  the  confines  of  Dublin  and  Meath,  an  assemblage  of  the 
following  fossils  characteristic  of  that  group  were  collected  years  ago  by 
J.  Flanagan  : — 

Didymograpsius  MurchisoniL 
Diplograpsus  pristis. 
Graptolites  NilsonL 

Sagittarius. 

Siphonotreta  luiculo. 
Lingula,  resembling  Da\'isii  ; 
and  another  species. 

At  a  place  called  Kilnaleck,  in  the  coimty  Cavan,  a  band  of  anthra- 
cite occurs  in  these  rocks,  and  may  be  traced  also  in  county  Down,  aa 
if  striking  from  Dumfries.  It  occurs  again  nearly  in  the  same  strike 
at  a  place  called  Upper  Church,  in  coimty  Tipperary,  some  milet 
west  of  Thurlcs  (See  Explanation  of  Sheet  145  of  the  Maps  of  the 
Geological  Survey),  in  a  ]av^  area  of  Cambro-Silurian  rocks,  in  which 
also  Graptolites  and  other  fossils  have  been  found  by  Mr.  A.  R  Wynne 
of  the  Geological  Survey  of  Ireland.     These  form  the  central  mass  of 

*  The  eruption  of  igneous  rocks  at  the  bottom  of  the  sea,  thon^  doubtless  occasionally 
destructive  of  animal  life  at  the  moment,  seems  generally  fayonrable  to  its  derelopmeiit 
during  the  period.  Contemporaneous  trap  rocks  hare  often  highly  fossiUferous  beds  inti- 
mately associated  with  them. 
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a  group  of  hills  which  may  be  called  the  Keeper  group,  and  predsely 
similar  beds,  abounding  also  in  Qraptolites,  occur  in  the  Arra  moun- 
tains and  Slieve  Bemagh  to  the  west  of  it,  where  they  have  been 
examined  by  Mr.  G.  H.  Kinahan.  Beds  believed  to  be  of  the  same  age 
form  the  heart  of  the  Galty  mountains. 

In  the  Cratloe  Hills  north  of  Limerick,  beds  occur  that  probably 
belong  either  to  the  Bala  beds  or  to  the  Lower  Llandovery  group 
(though  one  patch  contained  fossils  apparently  of  Upper  Llandovery 
age),  and  this  is  the  case  also  with  beds  which  occur  in  Caherconree 
mountain  and  the  Annascanl  valley,  west  of  Tralee,  in  coimty  Kerry. 
The  rocks  of  the  hill  called  Knockshigouna  also,  to  the  west  of  Boscrea, 
are  probably  of  Llandovery  age.  In  the  north  of  Ireland  the  Lower 
Silurian  rocks  of  Pomeroy  and  other  places  yielded  a  rich  harvest  of 
fossils  to  the  labours  of  the  geological  branch  of  the  Ordnance  Survey 
under  (Captain,  now)  General  Portlock. — (See  his  Beport  on  the  Geology 
of  Londonderry,  etc) 

On  the  flanks  of  the  Dublin  and  Wicklow  granites,  the  Lower 
Silurian  slates  and  grits  are  greatly  metamorphosed  into  mica  and  other 
schists,  and  occasionally  into  gneiss,  and  are  often  full  of  crystals  of 
andalusite,  staurolite,  schorl,  feldspar,  and  other  minerals. 

Other  metamorphic  tracts  in  the  north-west  of  Ireland  may  be  also 
composed  of  metamorphosed  Lower  Silurian  rocks. 

Bohemia. — Stage  C,  Ai^gillaceous  schist,  and  stage  D,  Quartzites,  etc., 
of  Barrande,  are  of  this  period.  Stage  C  corresponds  to  the  Lingula 
flags,  but  is  more  fossiliferous,  containing  twenty-seven  species  of  Trilob- 
ites  alone.  Stage  D  certainly  corresponds  to  the  Bala  and  Caradoc 
group,  so  that  the  Uandeilo  flag,  as  now  imderstood,  is  probably  divided 
between  stages  C  and  D.  Stage  C  is  characterized  by  what  Barrande 
calls  his  Primordial  fauna,  the  Trilobites  of  which  belong  to  the  genera 
Agnostus,  Arionellus,  Conocephalus,  Ellipsocephalus,  Hydrocephalus, 
Paradoxides,  and  Sao,  genera  which  are  entirely  confined  to  that  zone, 
except  one  8X)ecies  of  Agnostus.  Stage  D  includes  the  second  fauna  of 
Barrande,  which  contains  81  species  of  Trilobites  belonging  to  the  genera 
Acidaspis,  iEglina,  Ampjrx,  Asaphus,  Cheirurus,  Ill»nus,  Qgygia,  Trinu- 
clus,  and  22  others. 

Scandinavia, — ^&L  Angelinas  Begio  A  Olenorum  and  Begio  B.  Cono- 
cory}>harum,  consisting  of  aluminous  schists  and  limestone,  are  approxi- 
mately equal  to  stage  C  of  Barrande,  and  therefore  approximately  equal 
to  the  Lingula  flags. 

The  Scandinavian  beds  contain  71  species  of  Trilobites  of  the  same 
peculiar  genera  as  the  Bohemian  beds,  but  without  one  identical 
species. 

Angelinas  regions — B  0,  Ceratopygarum  (aluminous  schist  and  black 
limestone)  ;  C,  Asaphorum  (gray  and  reddish  impure  limestones) ;  and 
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D,  Trinucleorum  (marly  schists  with  calcareous  concietionfl)— are  to- 
gether approximately  equal  to  stage  D  of  Barrande. 

There  are  81  species  of  Trilobites  in  the  Bohemian  beds  D^and  176 
in  those  of  Scandinavia,  B  C,  C,  and  D.  The  genexa  are  the  same  in 
both  countries,  and  the  species  nearly  allied  ;  but  there  is  said  to  be 
not  one  species  common  to  the  two  districts.— -{.Azrranc^^x  PtxralUle  e$Urt 
les  depSts  Silurieiis  de  Bohime  et  Scandinavie) 

It  is  yet  doubtful  whether  these  specific  differences,  existing  together, 
with  generic  identities,  be  due  to  a  want  of  exact  synchronism  in  the 
age  of  the  beds,  or  to  the  geographical  distribution  and  limitation  (^ 
the  life  of  the  period  ;  whether,  in  fact,  they  are  the  result  of  time  or 
space.  It  is  perhaps  most  probable  that  they  are  contemporaneous,  or 
nearly  contemporaneous  groups,  deposited  in  seas  separated  either  by 
intermediate  lands  or  by  impassable  depths,  or  traversed  by  currents 
from  different  sources. 

North  America, — According  to  Prof.  H.  D.  Rogers,  the  following  is 

the  series  of  the  Lower  Silurian  rocks  of  Pennsylvania  : — 

Feet 
11.  Loiraine  shale  and  sandstones 


Hudson  River 
Group. 

Black  River 
Group. 


Potsdam 
Group. 


10.  Utica  slate 
9.  Trenton  limestone 
8.  Black  River  limestone 
7.  Birdseye  limestone 
6.  Chazy  limestone 
5.  Calciferous  sandstone 
4.  Upper  Primal  slate 
3.  Potsdam  sandstone 
2.  Lower  Primal  slate 
1.  Conglomerate   with    quartzose,    feld- 
spathic,  and  slaty  pebbles 


} 


} 


2000 
600 

2600 

100 

700 

700 

1200 

150 


Characteristic  Fossils, — Rogers  says  that  1  and  2  are  unfossiliferoiiB. 
No.  3,  the  Potsdam  sandstone,  coutains  a  Lingula,  from  which  it  is  eap- 
posed  to  be  equal  to  Lingula  flags.     No.  4  contains  Fucoids  only. 

Nos.  5  to  8,  or  the  Black  River  group,  have  about  100  species  of 
fossils,  and  are  apparently  nearly  equivalent  to  the  Llandeilo  fliags. 

The  Hudson  group  has  a  very  large  assemblage  of  fossils,  of  which 
not  more  than  2  or  3  per  cent  are  found  in  any  higher  bed.  They  con- 
tain Trinucleus  concentricus,  Orthis  striatula  and  biforata,  etc.,  and  are 
therefore  supposed  to  be  very  nearly  the  equivalents  of  the  Caradoc 
sandstone  and  Bala  beds. 

The  beds  described  by  Mr.  Dale  Owen  are  supposed  to  be  an  exten- 
sion and  development  of  the  Potsdam  sandstone,  in  the  country  west  of 
Lake  Michigan. 
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They  contain  an  abundance  of  foasilB  down  to  the  very  base,  con- 
sisting of  Lingola,  Orbicola,  Obolus,  Trilobites  of  several  peculiar  foima 
called  DikelocephaluSy  etc.,  and  of  compressed  subcorneal  bodies,  resem- 
bling Cephalopoda,  but  probably  not  belonging  to  them.  The  fossils 
are  locally  in  immense  abundance,  although  not  numerous  in  species. 
They  are  most  probably  of  the  age  of  the  Tiingnia  flags. 

Dr.  Bigsby,  in  Quart,  Jour,  OeoL  Soc,^  voL  xiv.,  has  a  most  elaborate 
paper  on  the  Palsoosoic  rocks  of  the  State  of  New  York,  with  full  de- 
scriptions of  the  rocks,  and  lists  of  the  fossils.  The  Potsdam  sandstone 
has  no  slate  above  or  below  it  as  in  Pennsylvania,  and  other  slight  dif- 
ferences occur  in  the  various  grouping  and  thickness  of  the  rocks. 

In  Newfoundland,  I  formerly  described  four  groups  of  beds  as  mak- 
ing the  peninsula  of  Avalon  and  other  parts  of  the  island,  under  the 
following  provisional  designations  >^ 


Upper  slate 
formation* 

Lower  slate 
formation* 


(  Belle  Isle  shale  and  gritstone. 
Variegated  slate. 
Signal  Hill  sandstones. 
St  John's  slate. 


I  was  not  lucky  enough  to  detect  any  fossils  in  them,  bnt  Mr.  C.  Ben- 
nett has  subsequently  been  so  fortunate  as  to  hit  upon  a  thin  layer  of 
trilobites,  of  the  genus  Paradoxides  (named  P.  Bennettii  by  Mr.  Salter), 
in  the  slates  of  the  west  side  of  St.  Mary's  Bay.  These  slates  belong  to 
the  group  I  called  the  St  John's  slate,  which  is  covered  conformably  by 
the  Signal  HiU  sandstone.  The  Yarie^ted  slate  group,  on  the  other 
hand,  passes  up  into  the  Belle  Isle  shale  and  gritstone,  and  near  Brigus 
Harbour,  in  Conception  Bay,  may  be  seen  to  rest  unconformably  on  the 
St  John's  slate. — (Report  on  the  Oeology  of  Newfoundland^  Murray,  1843, 
p.  79.) 

The  Messrs.  Rogers  have  recorded  the  discovery  of  numerous  fine 
specimens  of  Paradoxides  Harlani,  at  Braintree,  near  Boston  ;  and  Sir 
W.  Logan  and  Mr.  Billings,  of  the  Canadian  Survey,  have  lately  des- 
cribed a  series  of  fossiliferous  limestones  at  Point  Lewis,  opposite  Que- 
bec, in  one  of  which  (probably  the  lowest)  trilobites  of  the  genera 
Conocephalus,  Dikelocephalus,  etc,  occur,  with  a  lingula  and  other 
fossils,  thus  shewing  the  probable  existence  of  the  Lingula  flag  group, 
while  the  other  limestones  contain  fossils  more  like  the  fauna  of  the 
Bala  beds. 

Dr.  Emmonds  long  ago  described  a  great  series  of  rocks  in  the 
Uniteil  States  under  the  name  of  the  Taconic  system,  to  which  I  believe 
a  good  deal  of  injustice  has  been  done  under  the  influence  of  precon- 
ceived views.  The  rocks  were  greatly  disturbed  and  contorted,  but 
according  to  Emmonds  have  a  vast  thickness,  and  are  covered  uncon- 
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formably  by  the  Calciferons  sandstone  ;  the  base,  aooordiiig  to  BogexBy  of 
the  Black  River  group^  which  is  supposed  to  be  equal  to  the  TJandeilo 
flags. 

Dr.  Emmonds  now  divides  his  Taconic  sjstem  into  two  pazt»— aa 
npx>er,  consisting  of  Black  slates  and  other  beds,  indnding  the  Hoonek 
slates,  with  a  total  thickness  of  25,000  feet ;  and  a  Lower,  containing 
the  Stockbridge  limestone,  and  other  beds  resting  on  brown  grits  and 
quartz  rocks,  having  a  total  thickness  of  6000  feet  In  the  Black  date, 
forming  the  uppermost  of  this  series,  are  a  number  of  trilobitefl,  some 
of  which  Barnmde  refers  to  Paradoxides  and  Peltnra  (or  Olenna),  and 
believes  them  to  belong  to  his  so-called  Primordial  fauna. — (Paper  by 
M.  Barrande,  entitled,  ''  Documents  Anciens  et  Nouveaux  but  le  Eanne 
Primordiale  de  la  System  Taconique  en  Am^que.  Bulletin  de  la  Soei 
GeoL  de  France,  Fevrier  4th,  186h) 

It  is  possible,  perhaps,  that  the  lower  *  part  of  the  Taconic  system 
belongs  to  the  Cambrian  period,  and  peihaps  is  the  same  with  the 
Huronian  group  of  Sir  W.  Logan. 


Life  of  the  Pebiod. 

We  have  already  examined  the  scanty  traces  of  organic  life  which 
have  hitherto  been  detected  in  the  rocks  of  the  Cambrian  peiiody 
and  seen  reason  to  doubt  that  those  can  be  the  records  of  the  first 
appearance  of  life  upon  the  globe,  though  they  are  undoubtedly  the 
earliest  of  which  we  ha^'e  any  knowledge.  Tlie  traces  of  life  in  the 
earliest  part  of  the  Cambro-Silurian  period  are  likewise  few  and  scanty, 
and  belong  to  animals  quite  as  widely  separated  from  each  other  in  the 
scale  of  existence  as  are  those  of  the  Cambrian  period. 

We  may  remark,  in  the  first  instance,  that  none  of  the  undoubted 
Cambrian  forms  have  hitherto  been  found  in  any  Cambro-Silurian  for- 
mation. 

Secondly,  It  is  remarkable  that  while  the  Cambrian  Oldhamia  bean, 
according  to  Dr.  Einahan,  a  striking  resemblance  to  the  living  Serta-* 
laria,  80  the  LingulsB  of  the  Lingnla  flags  are  wonderfully  like  diells  of 
the  same  genus  living  at  the  present  date.  I  have  myself  gathered 
from  the  mud  of  a  little  bay  near  Cape  York,  in  Torres  Straits,  living 
Lingulse,  which  to  all  appearance  differ  from  those  of  the  Lingula  flags 
only  in  being  a  little  smaller  and  narrower  in  fonn. 

While,  however,  this  is  the  case  with  the  Brachiopods,  most  of  the 
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*  It  does  not  appear  clearly  that  Dr.  Emmonda's  identification  of  the  Uftper  and 
parts  is  certainly  correct :  bat  if  the  fossils  really  occur  in  the  Upper  part  only,  and  Vbttm 
he  a  great  thickness  of  nnfossiliferoos  beds  really  below  them,  then  tbeae,  or  aome  of  tlieni. 
may  veil  be  Cambrian. 
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Crustacea  belcmg  to  an  order  (TrilobiteB),  which  became  totally  extinct 
at  a  very  early  period  of  the  earth's  history  ;  and  not  only  so,  but  the 
very  genera  which  existed  during  the  time  when  the  lingula  flags  were 
deposited  all  died  out  before  the  dose  of  the  Cambro-Silurian  period, 
and  most  of  them  even  became  extinct  in  this  early  part  of  the  period 
itselt 

Another  observation  worthy  of  notice  is,  that  as  yet  no  form  of 
Graptolite  has  been  recorded  as  having  been  found  anjrwhere  in  the 
Lingula  flags,  although  the  kind  of  rock  is  often  such  as  that  in  which 
Graptolites  occur  abundantly  in  the  next  succeeding  groups. 

The  Graptolites  are  linear  bodies,  with  a  slender  stem  and  small 
notches  or  indentations  arranged  along  one  or  both  sides  of  it  They 
are  sometimes  18  or  20  inches  in  length  without  any  definite  termina- 
tion, at  others  they  terminate  in  one  direction  in  a  sort  of  spike  with- 
out notches.  They  were  at  one  time  believed  to  be  allied  to  the  Vir- 
gularia  or  Seapens  (whence  the  name  of  Graptolite,  from  grapho^  to 
write),  belonging  to  Uie  Ccdenterata,  but  are  now  supposed  by  .^fessor 
Huxley  to  have  been  Polyzoan  Mollusca. 

The  Tnlobites  were  Crustacea  somewhat  analogous  to  the  Limulus  or 
King  Crab  of  tropical  seas,  a  kind  of  crab  with  a  large  shield  covering 
the  body,  and  small,  soft,  infionspicuous  legs  or  feet  It  is  probable 
that  the  body  and  under  parts  of  the  Trilobites  were  entirely  soft,  as 
nothing  but  the  shields  are  foimd  in  a  fossil  state,  though  these  are 
in  some  places  very  abimdant  They  are  named  from  the  shield  being 
divided  longitudinally  into  three  lobes  or  divisions,  more  or  less  marked 
in  the  different  genera.  It  is  also  divisible  into  three  parts :  head, 
thorax,  and  pygidium  or  tail  piece,  each  of  which  shew  more  or  less  of 
the  trilobed  division.  The  thorax  is  often  composed  of  several  distinct 
rings,  which  in  some  were  movable,  so  that  the  animal  could  curve 
itself  just  as  the  lobster  curves  the  tail  beneath  the  body. 

Lingula  Flags. — ^The  list  given  previously  as  that  of  the  dwtrac- 
teristic  fossils  of  the  Lingula  flags,  contains  in  reality  almost  the  whole 
assemblage  of  fossils  that  have  hitherto  been  described  as  foimd  in  them 
in  the  British  Islands. 

Llaiideih  Flags. — ^In  proceeding  to  the  next  group,  namely,  the 
Llandeilo  flags,  we  find  traces  of  life  becoming  more  abundant  and 
belonging  to  a  greater  variety  of  forms.  Some  obscure  plants  have' 
been  described  like  cords  in  shape,  and  therefore  probably  sea- weeds. 
Some  corals,  also,  appear,  and  among  them  the  beautiful  Chain  coral 
(Halysites  catenularius,  SiL  foss.  19,  28,  and  pi.  40),  which  is  found 
still  more  abundantly  in  newer  groups,  ranging  up  as  high  as  the 
Wenlock  limestone,  where  it  is  most  abundant  of  all. 

The  Graptolites  are  very  numerous.  Three  species  of  Didynio- 
grapsus  or  twin  Graptolite,  like  two  single  Gn^tolites  united  at  the  base, 
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occur  only  in  tlie  Uandeilo  flags,  wliile  one  is  only  found  in  the  Bala 
beds.  No  less  than  nine  species  of  double  Graptolite  (DiplograpsoB,  or 
those  having  cells  on  both  sides  of  the  stem)  are  found  in  the  TJaiMi«^V% 
flags ;  of  which  one  has  been  found  also  in  the  Bala  beds,  and  one 
other  has  been  found  only  in  that  group.  The  genuB  Bastiitos  k 
perhaps  peculiar  to  the  IJandeilo  flags.  Of  the  genus  Giaptolithus 
there  are  six  species  in  the  Llandeilo  flags,  one  of  which  is  fbond  in 
the  Bala  beds ;  and  there  are  six  others  in  those  beds,  of  which  one 
ranges  into  the  Ludlow  group  of  the  next  period. 

Of  BrachioxKxlous  sheila  there  are  five  species  of  Tiingnla  (difievent 
from  those  of  the  Lingula  flags),  which  are  found  only  in  the  LlandeQo 
group,  nine  species  of  Orthis,  of  which  three  are  peculiar  to  the  group, 
and  one  (O.  Actoniae)  which  ranges  into  the  Llandovery  rocks,  while 
three  species — namely,  hiforota^  caUifframmOf  and  eUffOfUula — somved 
even  to  the  period  when  the  Wenlock  beds  were  deposited.  A  Spixifer, 
called  tnsularisy  signalizes  the  first  appearance  of  this  genus,  and  ttie 
genus  Leptsena  gives  the  first  indications  of  its  existence  in  the  specieB 
Unuicincta^  which  is  found  also  in  the  Bala  beds  and  tericea  whkh 
ranges  into  the  Wenlock. 

The  Conchifera,  or  ordinary  bivalves,  and  the  Gasteropods,  are  repre- 
sented by  the  genera  and  species  mentioned  at  p.  446. 

The  genus  Bellerophon  makes  its  appearance  in  the  Llandeilo  flags, 
as  do  also  two  genera  of  Pteropoda — ^namely,  Madurea  and  Iheca — and 
two  of  Cephalopoda,  Orthoceras,  and  Oncoceras. 

Passing  from  the  Mollusca  to  the  Annuloea,  we  find  in  the  Llan- 
deilo flags  several  markings  attributed  to  Annelida,  of  which  one  kind, 
assigned  to  a  genus  called  Nereites,  is  peculiar  to  that  group. 

The  Crustacea  exhibit  numerous  trilobites.  Of  tiiese,  the  genera 
Angelina,  with  two  species ;  Ogygia,  with  five  species ;  and  probably 
also  the  whole  genus  Oleuus,  with  its  five  species,  are  peculiar  to  the 
Llandeilo  flags  ;  the  genus  .^lina  has  three  species  in  the  Llandeilo 
flags,  and  one  other  in  the  Bala  beds  ;  of  Agnostus,  the  spedea 
M^Coii  is  Llandeilo  only,  pisiformU  both  Lingula  and  Llandeilo,  and 
trinodus  is  peculiar  to  the  Bala  beds.  Asaphus  shews  two  spedea 
in  Llandeilo  flags,  and  four  others  in  the  Bala  beds,  the  genus  then 
becoming  extinct.  Beyrichia  has  one,  compUcata^  common  to  the 
Llandeilo  and  Bala  beds,  and  four  others  peculiar  to  the  latter,  while 
there  are  three  more  in  the  Upper  Silurian  rocks.  The  genus 
Calymene  also  commenced  its  existence  during  the  deposition  of 
the  Llandeilo  flags,  two  species,  dujUicata  and  parvifronM^  being 
found  in  them  only;  one,  hrevicapitata,  both  in  them  and  the  Bala 
beds;  while  others  belong  to  Upper  SUurian  groups.  Of  the  genua 
Cheinirus,  one,  Sedgwickii^  is  found  only  in  the  Llandeilo  flaga  ; 
four  are  found  only  in  the  Bala  beds,  while  one  other  ranges  from 
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them  into  the  Wenlock  group.  Cybele  has  one  spedes,  verruoota,  com- 
mon to  the  Uandeilo  and  Bala  beds,  and  one,  rugotaj  only  in  the 
latter.  Homolonotus  is  first  seen  in  the  Uandeilo  beds  in  a  species 
called  VnlcaiUy  two  others  appearing  in  the  Bala  beds,  and  two  more 
only  in  tlie  Upper  Silurian  rocks.  The  genus  Ulsonus  has  two  species 
Murehimmii  and  perowiUs,  in  the  Llandeilo  flags ;  two  others  in  the  Bala 
beds  only,  one,  namely,  L  Boiomanm,  common  to  those  beds  and  the 
Llandovery  rocks ;  while  another  makes  its  appearance  in  the  Upper 
Silurian  period  Stygina  has  one  Llandeilo  species,  namely,  Mur- 
chisoTUB  (named  after  Lady  Murchison),  and  another,  hUifrons^  in  the 
Llandovery  rocks.  Of  the  genus  Trinudeus,  five  spedes  are  peculiar  to 
the  Llandeilo  flags,  one  common  to  them  and  the  Bala  beds,  and  two 
found  only  in  the  latter. 

Bala  Beds, — ^When  we  come  to  the  Bala  beds  themselves,  fossils 
become  still  more  numerous  and  varied. 

No  distinct  Plants  have  yet  been  recorded  from  them. 

Two  Sponge-like  bodies,  called  Acanthospongia  and  Clione,  have 
been  noted;  and  one,  Stromatopora  striatella  (SiL  foss.  61),  makes  its 
first  appearance  now  ;  but  is  still  more  abimdant  in  the  Wenlock 
limestone. 

Of  Corals,  we  find  the  Favosites  alveolaris,  which  ranges  into  the 
Ludlow  rocks,  the  Halysites  catenularius,  already  mentioned,  six 
Rl)ecie8  of  Heliolites,  four  ranging  into  Upper  Silurian  groups,  while 
two,  favosus  and  inordinatus  (SiL  foss.  27),  are  confined  to  the  Bala  beds. 
Of  Nebulipora,  two  species  are  peculiar;  while  Omphyma  turbina- 
tum  ranges  from  Bala  to  Wenlock  rocks.  Of  the  genus  Petraia  none 
are  peculiar  ;  all  the  spedes  ranging  into  the  Llandovery,  and  one  into 
the  Wenlock  rocks. 

Of  the  class  Polyzoa,  we  get  two  double  Graptolites  from  the  Llan- 
deilo flag,  besides  those  already  mentioned  at  p.  449  as  characteristic  of 
the  Bala  beds,  and  three  other  spedes  of  single  Graptolites,  of  which 
one,  namely,  G.  priodon,  ranges  into  Upper  Silurian.  There  are  also 
five  sj^ecies  of  Fenestrella,  three  of  which  are  also  Wenlock  species ; 
one  of  Glauconome,  also  a  Wenlock  species  ;  and  five  species  of  Ptilo- 
dictya,  two  of  which  also  range  into  the  Upper  Silurian. 

Brachiopoda  are  very  numerous  ;  the  genera  Atrypa,  Crania,  Dis- 
cina  (Orbicula),  Rhynchonella,  Strophomena,  and  Trematis,  make  their 
first  appearance  ;  Crania,  Discina,  and  Rhynchonella,  having  existed 
ever  since.  Atrypa  marginalis  (Sil.  foss.,  pL  9)  ranges  to  Wenlock ; 
Crania  divaricata  (SiL  foss.  35)  is  peculiar,  as  are  also  five  species  of 
Discina,  as  tlie  genus  Orbicula  is  now  called.  There  are  six  species 
of  Leptoeua,  including  the  two  which  range  into  the  Bala  from  the 
LLmdeilo  beds,  and  two  which  range  from  Bala  to  Wenlock  rocks  ; 
three  species  of  Lingula,  supposed  to  be  peculiar;  and  no  less  than 
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twenty-eight  species  of  Oithis,  of  which  fifteen  are'  peculiar  to  the 
Bala  beds,  two  are  common  to  them  and  the  Llandcdlo,  four  range 
from  the  Llandeilo  through  the  Bala  into  the  Upper  Silniiui,  while 
five  or  six  others  extend  into  the  Upper  Silurian  from  the  Bala  beds. 
There  are  also  two  species  of  Or^isina  peculiar ;  five  species  of 
Rhynchonella,  of  which  three  are  peculiar  ;  and  twelve  of  Sttapho- 
mena,  of  which  seven  are  peculiar ;  while  the  others,  among  whidi  is 
the  very  common  shell  S.  depressa,  range  into  the  Upper  Silurian.  It 
ia  remarkable  that  there  are  no  Pentameri  at  all,  and  that  the  only 
Spirifer  is  the  Spirifera  insularis  from  the  Llandeilo  flag. 

Conchifera  also,  of  which  only  two  species  are  known  in  eariier 
rocks,  now  become  rather  numerous,  the  genus  Ambonychia  (a  group 
of  bulging  A^dculae)  having  six  species  peculiar  to  the  Bala. beds,  while 
Cardiola  semiruguta,  Lyrodesma  plana  (SiL  foss.  36),  and  Orthonota 
nasuta  (SO.  foss.  1 2),  are  equally  confined  to  them.  The  singular  genus 
Conocardiuni,  afterwards  so  highly  developed  in  the  Garbonifeioiis 
period,  shews  one  small  species,  C.  dipterum  (  SiL  foss.  36).  The  genus 
Ctenodonta  (allied  to  Nucula)  has  twelve  species,  Modiolopsis  seven 
species,  and  Mytilus  (so  abundant  in  the  present  seas)  also  exhibits  two 
ancient  species  in  the  Bala  beds. 

Gasteropoda  also  shew  a  great  increase  of  species  and  genera,  since 
mention  has  been  already  made  of  all  which  previously  existed,  while 
in  the  Bala  beds  Cycloncma  (a  sub-genus  of  Turbo),  Holopssa  (allied  to 
Trochus),  Holopella  (like  a  Turritella),  and  Macrocheilus  (somewhat 
like  Buccinum  or  Pyramidella),  come  into  existence  and  exhibit  several 
peculiar  Bpecies.  There  are  nine  species  of  Murchisonia,  of  which  three 
range  into  the  Llandovery  beds,  and  several  species  of  the  long  extinct 
genera  Opliileta,  Rapliistoma,  and  Trochonema,  while  Fleurotomam 
trocliifonnis  is  a  species  of  a  genus  that  long  survived  the  period,  and 
Patella  Satumi  belongs  to  a  genus  most  abundant  at  the  present  day. 
Some  of  these  univalve  shells,  which  resemble  in  form  our  Turbo 
or  Trochus,  were  believed  by  Edward  Forbes  to  be  most  probably 
oceanic  shells  floating  like  our  existing  lanthina. 

Of  the  Heteropodous  or  Reropodous  univalves,  the  Bala  beds  afibrd 
three  jxiculiar  species  of  Bellerophon,  the  only  genus  of  which  we  have 
species  in  earlier  beds,  while  of  the  genera  now  seemingly  first  com- 
mencing we  have  two  species  of  Rerotheca,  one  Conularia,  C.  elongata 
(Sil.  foas.  39),  and  one  Ecculiomphalus,  K  Bucklandi  (ib,) 

Passing  to  the  highest  group  of  the  MoUusca,  namely,  the  Cepha- 
lopoda, we  find  one  species  of  Cyrtoceras,  five  of  Lituites,  and  one  of 
Poterioceras,  genera  now  apparently  first  coming  into  existence,  while 
there  are  nineteen  species  of  Orthoceras,  a  genus  of  which  two  species 
had  already  appeared  in  the  Llandeilo  beds. 

If  we  turn  from  the  Mollusca  to  the  Annulosa,  we  find  the  class 
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Ecbinodermata  iio#  qiakiiig  its  first  appeaiance.  Among  these  are  two 
genera  of  star  fishes,  Palseaster  with  two  species,  asperrimus  and  obtusus 
(SiL  foss.  31),  and  Protaster  with  one  spe<Sies  Salteri  (GeoL  J.  1,  p.  20). 
These  genera  do  not  differ  veiy  greatly  from  some  living  star  fishe& 
There  is  also  the  order  Cystidea,  allied  to  Enciinites,  which  hecame, 
however,  entirely  extinct  at  the  close  of  the  next  period ;  of  this  we  find 
the  following  genera  and  species — ^Agelacrinus  Buchianus  (SiL  foss.  30)^ 
a  form  of  which  only  one  example  has  been  found  in  Europe,  though 
it  occurs  ako  in  America;  five  species  of  Echinosphorites,  three  of 
Hemicosmites,  and  four  of  Sphssronites,  genera  peculiar  to  the  Bala 
beds,  and  two  species  of  a  crinoid  genus,  probably  Glyptocrinus. 

In  the  class  Annelida  we  get  several  forms  referred  to  genera  called 
Crossopodia,  Lumbricaria,  and  Trachyderma,  and  two  species  of  Ten- 
taculites,  namely,  angUciu  (SiL  foss.  pL  12),  which  also  occurs  in  the 
Llandovery  rocks,  and  omatus  (SiL  foss.  pL  16),  which  ranges  into  the 
Wenlock. 

The  Trilobites  become  remarkably  abundant,  and  are,  indeed,  with 
the  Cystidea  perhaps  the  most  striking  and  important  of  all  the  fossils 
of  the  Bala  beds.  The  genus  Acidaspis  comes  into  existence  exhibiting 
seven  species,  of  which  one  ranges  into  the  Wenlock.  iElglina  has  one 
specieB,  mirabilis  (SiL  foss.  26),  and  then  becomes  extinct.  Agnostus 
has  two  species,  the  one  figured  at  p.  451,  and  limhatiu  (SiL  foss.  44), 
and  likewise  dies  out.  The  genus  Ampyx  has  three  species  ;  Asaphus 
has  four  and  dies  out ;  Beyrichia  has  five  species ;  Calymene  has  three, 
including  the  common  C.  Blumenbachii,  so  abundant  in  the  Wenlock 
limestone  ;  Cheirurus  has  also  five,  of  which  ouB^himuct^natus  (SiL  foss. 
64,  and  pL  3),  ranges  to  the  Wenlock  group.  Cybele  has  two  and  be- 
comes extinct ;  Cy}>haspis  commences  with  one,  megalop»  (SiL  foss.  64), 
that  ranges  to  the  Ludlow  rocks  ;  Encrinurus  also  commences  with 
three  species  ;  and  Harpes  both  commences  and  dies  out  with  two  spe- 
cies, Dorani  and  Flaiiaganni  (SiL  foss.  46).  Homolanotus  also  com- 
mences with  two  species,  one  of  which  ranges  into  the  Llandovery 
rocks  ;  Illa)nu8  has  three  species,  of  which  Davim  is  figured  at  p.  451, 
and  Bowmanni  (Dec.  G.  S.  2)  ranges  into  the  Llandovery  rocks.  Lichas 
commences  with  six  species,  of  which  one,  Hibemicus^  referred  also  to 
Bronteus  and  Nutainia  genera  now  suppressed,  is  figured  at  p.  451. 
Phacops  also  commences,  shewing  eleven  species,  one  of  which,  apicv^ 
latM,  is  figured  at  p.  451.  Remopleurides  both  conmiences  and  dies 
out,  shewing  seven  species.  Sphssrexochus  minis  extends  from  the 
Bala  beds  to  the  Wenlock,  as  does  one  species  of  Staurocephalus,  the 
other  globicefis  being  confined  to  the  Bala  group.  Stygina  shews  one 
speciert,  latifrons  (Sil.  foss.  26),  and  Trinucleus  two  species,  of  which 
seticoniis  (SiL  foss.  13)  is  one,  besides  the  concentricm  from  the 
Llaudeilo  flags  ;  both  genera  then  become  extinct     The  genera  Am- 


464  CAMBBO-dXLUBIAN  FEBIOa 

pbion  and  Tiieeias  also  appear  and  die  oat  wiih  a  nng^  speeiii 
each. 

In  the  Lower  Llandovery  beds  the  genus  Pentamenis  makes  its  first 
appearance  with  other  fossils,  but  their  discussion  had  better  be  de- 
ferred to  the  description  of  the  rocks  of  the  next  period. 

M.  Barrande,  to  whose  admirable  researches  in  Bohemia,  and  the 
works  that  have  sprung  from  them,  it  is  impossible  to  give  too  hi^ 
a  praise,  proposes  the  term  Primordial  jGauna  for  the  assemblage  of 
fo^dls  found  in  the  Lingula  flags  of  Wales,  and  their  corresponding 
beds  in  other  parts  of  the  world.  He  uses  the  term  ''  Second  Eaana* 
for  the  fossils  of  the  Llandeilo  flags,- and  the  Bala  and  Caradoc  group; 
and  "  Third  Fauna**  for  those  of  the  Upper  Silurian  period.  Tliese 
terms  seem  to  be  unfortunately  chosen.  Th»  term  primordial  inyolyes 
the  idea  of  its  being  not  ooJy  the  earliest  fauna  we  know,  bat  the 
earliest  that  ever  existed — a  fact  it  would  be  impossible  to  establiih 
even  if  no  earlier  fossils  were  ever  to  be  found.  That  it  is  not  trae  is 
shewn  by  the  existence  of  the  Cambrian  fossils  previous  to  it.  It  is 
therefore  to  be  regretted  that  M.  Barrande  has  shackled  himself  with 
such  a  nomenclature  as  allows  of  no  retrograde  expansion,  and  scarcely 
permits  of  intercalation.  No  one,  I  think,  can  really  entertain  thrii 
belief  that  the  few  scanty  species  yet  found  in  these  early  rocks  are 
anything  but  a  miserable  minority  of  the  living  beings  that  existed 
during  the  period  of  their  deposition. 

The  term  Azoic  is  one  also  that  should  be  at  once  discarded,  since 
no  one  is  warranted  in  describing  a  period  as  Azoic  merely  becaose  no 
fossils  have  yet  been  found  in  the  rocks  belonging  to  it. 

Of  those  beings  that  lived  during  the  Cambro-Silurian  period  com- 
paratively few,  perhaps,  have  been  preserved,  and  even  of  those  that 
have  been  preserved  we  cannot  believe  that  anything  like  all  have  yet 
been  discovered.  While,  then,  we  refuse  to  base  a  positive  belief  on 
merely  negative  evidence,  we  nevertheless  can  only  draw  conclusions 
from  what  we  know ;  and  as  it  is  true  that  up  to  the  present  time  no 
fragment  of  any  living  being  that  we  may  class  as  higher  in  the  scale 
of  creation  than  an  Orthoceras,  or  a  Trilobite,  has  yet  been  found,  we 
cannot  assert  that  any  higher  animal  hitherto  existed.  No  bone  or 
scale  of  fish,  or  any  other  vertebrate  animal,  has  hitherto  been  estab* 
lished  as  found  in  any  Lower  Silurian  rock.  So  long  as  this  remaina 
the  case,  we  are,  of  course,  not  w^arranted  in  supposing  vertebrate  life 
to  have  c^me  into  existence  on  the  globe. 

The  following  is  a  list  of  the  principal  generic  forms  which  first 
came  into  existence,  so  far  as  is  yet  known,  during  this  period,  those 
marked  with  an  asterisk  not  being  known  to  have  survived  it : — 

Plants,  *  Chondrites,  *Cruziana,  *PalaBOchopda,  *Trichoides. 
Spongidae,  *Acanthospongia,  Cliona,  Stromatopora. 
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Actinozoay  FaTodtes,  Halysites,  HeHoHtes,Nebi]Hpora,Omph7ina,PetraiA, 

Pyritonemay  Saidnnla,  Stenopoiay  Strephodes,  Syiingopoia. 
Pohfzoay   Diastopora,  ^DichograpBas,  *Dictyoneiiia,  ^Didymograpsus, 

'Diplograpens,  Fenestrella,  Glaoconome,  GraptolithuSy  Protoyirgu- 

larla,  Ptilodictya,  'Rastrites. 
Brachwpoday  Atrypa,  Crania,  Discma  (Orbicala),  Leptsena,  Lingula, 

Obolus,  Orihifl,  OrthiBinay  Rhynclionellay  Siphonotietai  Spiiifeia, 

Strophomenay  'Trematis. 
Ccnchiferay  Ambonychia,  ?  Caidiola,  Oonocardimn,  Ctenodontay  Cucullelay 

Lyrodesmay  Modiolay  Modiolopsis,  Mytilufi,  Nuciila,  Orthonota, 

Pterinssa. 
Oasteropoda,  Cydonema,  Euomphalus,  *Holop8Ba,  Holopellay  Macro- 
[      'cheiluB,  MuichiBoniay  ^Ophileta,  Patella,  Plemotomaiia,  Raphis- 
f^^  toma,  *Ribeiria. 

Ueieropoda  and  Pteropoda,  Belleioplion,  Conulana,  EcculiomphaluSy 
Mi^ J*  Madurea,  Pterotiiecay  Theca. 

Cephalopod4»,  Cjntoceras,  litoiteS)  OrthoceTaSy  'Onooceias,  Poterioceras. 
Echinodtrmatay      *  AgdacriniteSy     *  Echmosphsrites,     GlyptoctintiB, 

*  Hemicosmites,  Palsoaster,  Protaster,  Rhodocrinus,  *  Spbaeronites. 
Annelida^  *AphTodita,  Arenicola,  Cfrossopodia,  *  Lumbricaria,  *My- 

lianites,  *  Nemertites,  ♦  Nereites,  Serpulites,  Tentaculltes. 
Crustacea,  Acidaspis,  *.^lina,  ♦  AgnostuB,  •  Amphion,  Ampyx,  *  An- 
gelina, *A8aphu8,  Beyricbiay  Calymene,  Cheirurus,  *Cono- 
cephalus,  *Cyb€le,  Cyphaspis,  *  Cyphoniscus,  *  Cytheropsia, 
Dithyrocaris  ?  *Ellip8ocepbaluB,  Encrinnrus,  'Harpes,  Honudo* 
notus,    *  Hymenocaris,    nisenns,    Leperditia,    lichas,  *Qgygia, 

•  Olenns,  *  Paradoxides,  Pbacope,  *Remopletiride8,  SphsBrezochus, 
StaurocephaluB,  *  Stygina,  *  Tiresias,  *  Trinudeus. 


CHAPTER   XXVIII. 

UPPER  SILURIAN  PERIOD. 

Typical  Rocks. 

If  we  return  to  the  neighbourhood  of  Llandoyeiy  in  South  Wales,  wie 
shall  find  that  over  the  sandstones  already  described  as  the  Lower 
Llandoverj  beds,  certain  other  sandstones  come  in,  not  very  different 
from  them  in  lithological  character,  and  having  some  fossils  in  commdn 
with  them.  They  vary  there  from  300  to  700  feet  thick.  They  are 
separated  from  the  Lower  Llandovery,  because  they  rest  uncomformably 
upon  them  and  overlap  them,  so  that  when  traced  towards  the  north 
they  rest  directly  on  the  Bala  beds  (see  QeoL  Survey  Maps,  sheets  41 
and  42,  and  Horizontal  Sections,  sheet  4).  They  are  called  the  Upper 
Llandovery  rocks,  and  they  form  the  true  base  of  the  Upper  Silurian 
series.  That  they  are  physically  distinct  from  the  Lower  Llandovery  is 
shewn  not  only  by  the  local  unconformity  near  Llandovery,  where  they 
are  both  present,  but  also  by  the  fact  that  wherever  the  Lower  Llan- 
dovery rocks  are  to  be  seen  they  adhere  to  and  form  the  top  of  the 
Lower  Silurian  series,  while  wherever  the  Upper  Llandovery  are  seen, 
they  lie  conformably  beneath  the  rest  of  the  Upper  Silurian  series,  but 
are  distinctly  and  often  widely  unconformable  to  the  Lower  Silurian. 

It  is  indeed  a  remarkable  fact,  that  wherever  the  Upper  Silurian 
and  Lower  Silurian  rocks  are  found  together  in  anything  but  a  horizon- 
tal position,  there  is  an  unconformable  break  between  them.  This  is 
often  a  clear  discordance  in  the  lie  of  the  rocks,  so  that  they  obviously 
dip  in  different  directions  or  at  different  angles.  But  even  where  there 
is  no  apparent  unconformability,  and  they  dip  and  strike  apparently 
together,  the  unconformity  may  eventually  be  discovered  by  different 
parts  of  the  two  series  being  in  apposition  in  different  places. 

In  parts  of  Shropshire  this  imconformity  ia  not  very  striking,  and 
there  it  so  happens  that  the  Bala  and  Caradoc  beds  consist  of  yellow 
and  brown  sandstones  of  very  much  the  same  character  as  the  Llan- 
dovery beds,  so  that  they  were  originally  classed  together  under  the 
name  of  the  Caradoc  sandstone.  They  had  in  like  manner  been  called 
Caradoc  on  the  west  flank  of  Malvern,  at  Woolhope,  and  May  Hill,  and 
elsewhere.     Professor  Sedgwick  was  the  first  to  point  out  the  necessity 
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for  Beparating  these  beds  from  the  Lower  Silurian,  and  proposed  the 
name  of  the  May  Hill  Sandstone  for  them  (QeoL  Jour.,  voL  ix.,  p.  215). 
Messrs.  Aveline  and  Salter  afterwards  traced  the  unconformity  between 
them  and  the  Caradoc  beds  in  Shropshire  (Q.  J.  OeoL  Soc,  voL  z.,  p.  62), 
and  their  presence  was  afterwards  recognised  as  the  base  of  the  Upper 
Silurian  series  in  many  other  localities.  After  several  names,  such  as 
Upper  Caradoc,  Pentamerus  beds,  Wenlock  grit,  etc,  had  been  proposed 
and  discarded,  they  now  seem  to  have  been  settled  as  Llandovery  rocks 
(SUurta,  3d.  edition).  To  this,  however,  the  name  **  May  Hill  Sand- 
stone **  should  be  added  as  a  second  title,  since  Professor  Sedgwick, 
with  M'Coy,  first  indicated  their  distinctness,  although  they  did  not 
work  it  so  thoroughly  out  as  was  afterwards  done  by  the  Geological 
Survey.  • 

In  the  Llandovery  country  these  Upper  Llandovery  or  May  Hill 
rocks  are  succeeded  by  a  group  of  pale  gray,  smooth,  fine-grained  slate 
rocks,  to  which  the  name  of  *'  Tarannon  shales "  has  been  given  by 
Professor  Ramsay,  from  the  valley  and  river  of  that  name,  between 
Llanidloes  and  Dinas  Mowddwy,  where  they  attain  a  thickness  of  600 
feet.  These  pale  slates  sometimes  change  into  a  bright  red.  They 
may  be  trac^  from  South  Wales  into  North  Wales,  and  followed 
through  all  the  undulations  of  the  rocks  down  to  Conway,  forming 
cither  with  or  without  the  Upper  Llandovery  beds  a  marked  line  of 
separation  between  the  Lower  and  Upper  Silurian  districts.  This  little 
group  had  likewise  not  escaped  the  observation  of  Professor  Sedgwick, 
who  describes  them  under  the  name  of  the  Rhayader  slates,  as  *^  pale, 
leaden-gray,  passing  into  greenish  gray,"  with  "  beautiful  cleavage 
planes."  He  at  first  gave  them  their  true  place,  at  the  lower  part  of 
the  Upper  Silurian,  though  afterwards  he  was  led,  by  the  wonderfully 
contorted  condition  of  the  country,  to  class  them  with  the  Lower 
Silurian.     (Q.  Jour.  Qeol.  Soc.,  vol.  iii.,  p.  153.) 

In  North  Wales  these  pale  Tarannon  shales  or  Rhayader  slates  are 
succeeded  by  a  great  sandstone  formation,  consisting  of  coarse  brown 
sandstone,  with  occasional  quartzose  conglomerates,  and  interstratified 
with  block  slates,  and  passing  up  into  brown  flags  and  slates,  which 
were  called  Denbighshire  sandstone  and  flag  by  Mr.  Bowman  and 
Professor  Sedgwick,  a  name  adopted  by  the  Survey.  Over  these  are 
other  beds  of  shale  or  slate,  and  flog  or  sandstone.  The  beds  which 
lie  next  above  the  pale  Tarannon  shales  contain  few  fossils,  but  those 
are  of  species  that  shew  them  to  belong  to  the  Wenlock  group  presently 
to  be  described. 

If  instead  of  following  the  Llandovery  rocks  into  Montgomery, 
Merioneth,  and  Denbigh  shires,  we  proceed  into  Shropshire,  we  find  in 
the  country  between  Church  Stretton  and  Wenlock  the  Upper  Llan- 
dovery beds  covered  by  a  great  thickness  of  shale,  purple  near  the 
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bottom,  but  gray  in  the  upper  parts,  which  forms  the  lower  portioiL 
of  the  north-western  slope  of  a  long  straight  ridge,  known  as  the  ^  Wen- 
lock  Edge,"  from  the  little*  town  of  Much  Weulodc,  which  lies  near  its 
north-east  termination.  This  Edge  is  capped  by  a  band  of  limestone, 
100  or  200  feet  thick,  running  for  fifteen  miles  in  an  unbroken  line^ 
and  dipping  south-east  under  other  soft  brown  shales  and  sandstones, 
which  make  a  second  small,  gently  sloping,  ridge,  capped  by  another 
limestone  band,  and  this  dips  beneath  a  second  series  of  brown  sand- 
stones, mudstones,  and  shales,  which  gradually  pass  up  into  a  series  of 
red  flags  and  sandstones  (see  section,  fig.  110). 


WCNLOCK 

cocc 


CALLOW 

HILL 


Pig.  110. 

Section  across  Wenlock  Edge,  reduced  from  sheet  84  of  Horiaontal  SeeUons,  QeologlMl 

Btinrey.    Drawn  bj  W.  T.  Adeline. 

Length  of  Section  abont  four  mfloa. 

i.  Red  Sandstone,  supposed  base  of  Old  Bed  Sandstone. 

{h.  Upper  Ludlow— Gray  and  brown  shale  and  sandstone  .       900  feet 
g.  Concretionary  limestone  (Aymestry)      ....       150    „ 
/  Lower  Ludlow— Gray  and  brown  caUsareons  sandy  shale       900    „ 
(e.  Gray  nodular  concretionary  limestone  (Wenlock  and 
Dudley  limestone) 150    „ 
d.  Gray  and  brown  sandy  shale,  often  concretionary  (Wen- 
lock shale) 1400    „ 
e.  Limestone  (Woolhoi>e  and  Barr) 60    „ 

Llandovery  .  .    h.  Sandstone  and  conglomerate  (Uandoreiy). 
Lower  Silurian    a.  Bala  beds  or  Caradoc  Sandstone. 


As  the  result  of  the  facts  observed  in  this  section  and  others  similar 
to  it,  such  as  that  in  the  Woolhope  Valley  in  Herefordshire,  and  other 
places,  together  with  those  in  N.  Wales,  we  get  the  following  as  the  typi- 
cal series  of  the  Upper  Silurian  rocks  : — 

Feet 

9.  Tilestone 1000 

900 
Ludlow  group  .  I  7.  Aymestiy  limestone 

I  6.  Lower  Ludlow  rock 
r  5.  Wenlock  limestone 
Wenlock  group.  <  4.  Wenlock  shale 

(  3.  Woolhope  limestone 
Llandovery    or  i  2.  Tarannon  shale 
May  Hill  group.  (  1.  Upper  Llandovery  rocks 


150 
900 
150 
1400 
60 
600 
900 
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Llakdoyert  Group. — 1.  The  Upper  Handovery  or  May  Hill  Sand- 
stotie  is  usually  a  gray,  or  brown,  or  yellow  sandstone,  sometimes 
becoming  a  conglomerate.  The  sandstones  are  sometimes  calcareous, 
passing  into  courses  of  sandy  limestone  in  some  places. 

The  following  is  a  list  of  the  fossils  which  may  be  said  to  be  cha- 
racteristic of  this  group,  taken  from  Salter  and  Morris's  catalogue  in  the 
last  edition  of  Siluria, 


Actinozoa. 


Cyathophyllum  augustum 
Petraia  bina  (and  WenlocJt) 
■         elongata     , 


Brachiopoda, 


Atrypa  hemisphsdrica  . 
Leptsena  scissa 
lingula  crumena 
parallela    . 


Orthis  lata 

reversa 

Pentamerus  globosus 

lens 

oblongus    . 

undatus 


Hhynchonella  angustifrons 
neglecta 


Strophomena  arenacea  (or  concentrica). 
compressa 

Coiwkifera. 
Avicida  bullata 
Conocardium  priste 
Ctenodonta  deltoidea   . 

Eastnori     .... 

lingiialis 


L}Todesma  cuneatimi  . 
Pteriniea  sublaevis 

Gasteropoda. 
Chiton  Griffithii 
CjTlonema  quadristriatum    . 
Euomphalus  praenuntius 
Hollopella  plana 
tenuicincta 


SiL  foss.,  pL  39. 
Sil  foss.,  pL  38. 
Sil  foss.,  pi  38. 


Fobs.  gr.  6,  a, 

SiL  foss.,  12. 
Mem.  G.  S.  ii,  pt.  1.* 
Sil.  foss.,  pi.  9. 
Foss.  gr.  6,  c. 
Sil.  foss.,  pL  8. 
Foss.  gr.  6  rf. 
Foss.  gr.  6  e. 
SiL  foss.,  14. 
Foss.  gr.  6,  b. 
SiL  foss.,  9. 

SiL  foss.,  14. 

M'Coy,  Sil.  foss. 
M'Coy,  Sil.,fo88. 
Mem.  G.  S.  iL,  p.  366. 
Sil.  foss.,  pi.  10. 
Mem.  G.  S.  ii.,  p.  367. 
Mem.  G.  S.  iL,  p.  366. 
M'Coy,  SiL  foss. 

Foss.  gr.  6,/. 

Mem.  G.  S.  iL,  p.  388. 

Ibid. 

M*Coy,  SiL  foss. 

M*Coy,  PaL  foss. 


H emoira  of  the  Geological  Survey. 


^ 

4 


1  mna..,,,.  ..„.' 


^yrtew,  appro,to.i,„, 
^iimtes  undosua 
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Crustacea. 

Acidaspis  callipareoB    .         .         .         .     Q.  J.  G.  S.,  xiiL,  p.  308. 
Phacops  sublfiBvia         ....     M*Coy,  SiL  foes.,  p.  51. 

2.  Tke  Tarannon  shales  have  already  been  sufficiently  described  at 
page  467.  Although  a  distinct  physical  group  of  some  importance  in 
Wales,  they  seem  to  be  confined  to  that  country.  Fossils  are  very  rare 
in  them,  and  it  cannot  therefore  be  said  with  certainty  whether  they 
belong  most  decidedly  to  the  Llandovery  group  or  to  the  Wenlock. 

Wenlock  Group. — 3.  Woolhope  or  Barr  Limestone, — ^A  locally  oc- 
curring group  of  beds  of  gray,  argillaceous,  nodular,  concretionary  lime- 
stone, interstratified  with  gray  shales  occasionally  attaining  a  thickness 
of  1 00  feet. 

It  forms  a  ring  round  the  dome  of  Llandovery  sandstone  in  the 
Woolhope  valley,  and  is  well  seen  near  Presteign,  on  the  west  flanks  of 
the  Malvern  hills,  at  Qve&t  Borr  in  Staffordshire,  and  at  May  HilL 

4.  Wenlock  Shale. — Generally  dark  gray,  sometimes  black  shale, 
with  occasional  calcareous  concretions  ;  1400  feet  thick. 

5.  The  Wenlock  Limestone  is  an  irregularly  occurring  set  of  con- 
cretionary limestones,  sometimes  thin  and  flaggy,  sometimes  massive 
bosses  of  highly  crystalline  carbonate  of  lime  ;  sometimes  in  one,  some- 
times in  two  or  three  sets  of  beds  with  interstratified  shales,  forming  a 
thickness  of  100  to  300  feet. 

These  beds  are  admirably  shewn  in  all  the  country  between 
Aymestry  and  Ludlow,  and  along  Wenlock  Edge  to  Benthal  Edge  near 
Coalbrookdale,  as  well  as  at  the  places  just  mentioned  as  showing 
Woolhope  Limestone,  and  at  the  Castle  Hill  and  Wrens  Nest  near 
Dudley ;  as  also  near  the  town  of  Walsall  in  Staffordshire,  and  in  the 
neighbourhood  of  Usk  in  Monmouthshire. 

Characteristic  Fossils. — In  all  these  places  the  beds,  especially  the 
limestones,  abound  in  fossils,  of  which  the  following  list  is  a  selection 
that  includes  the  most  abimdant  and  characteristic  species.  Many  of 
the  species,  however,  which  abound  in  the  greatest  profusion  in  the 
Wenlock  rocks,  are  to  be  found,  though  rarely,  in  either  earlier  or 
later  formations,  or  in  both.  These,  then,  are  not  characteristic  in  the 
sense  of  being  peculiar  to  the  Wenlock  rocks,  but  as  being  more  abun- 
dant in  them  than  elsewhere.  Here,  too,  as  in  some  other  parts  of  the 
geological  series,  it  is  the  assemblage  of  fossils  that  becomes  characteris- 
tic ;  any  one  or  two  of  these  species  may  be  found  in  some  other  groups, 
but  in  no  other  are  they  all  assembled  together  in  the  abundance 
in  which  they  occur  in  the  Wenlock  rocks. 

Spongidit. 
Stromatopora  striatella  .         .         .         Sil.  foss.  51. 
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Aetinozoa, 

Acervularia  ananas       .... 
Alveolites  repens  and  Labechei     . 
Favosites  GbtMandica 
Heliolites  Grayi 
Omphyma  turbinatum 
Petraia  bina        ..... 
Syringopora  bifurcata 
Stenopora  filrosa    (from    LlandeUo  to 
Ludlow) 

Cellepora  favosa. 

Ceriopora  aflSinis. 

Discopora  antiqua        .... 

Fenestrella  Lonsdalei  .... 

?  Oraptolithus  FlemingiL 

Ptilodictya  scalpellum 

Brachiopoda. 

Atrypa  reticularis  {Llandovery  to  Ludlow) 
DiBcina  Forbesii  .... 

Obelus  transversus. 
Orthis  elegantula  {from  Bala  to  Ludlow) 

rustica. 

Pentamerus  galeatus  {and  Ludlow) 
Betzia  Bailvi  .... 
RhynchoneUa  navicula  {and  Ludlow) 

Wilsoni  {Llandovery  to  Ludlow) 

Siphonotreta  Anglica 
Spirifera  plicatella  {Llandovery  to  Lud- 
low)         

Strophomena  depressa  {Bala  to  Ludlow) 
euglypha  {Llandovery  to  Ludlow) 

Conchifera, 

Cardiola  fibrosa  {and  Ludlow) 
Conocardium  (Pleurorhyncus)  equicosta- 

tUBl 

Modiolopsis  antiqua     .... 

Mytilus  Chemungensis 

Pterinsea  retroflexa  {Llandovery  to  Lud^ 

low)        .  .... 


Fosa.  gr.  7,  a. 
SiLfoss.  17. 
SiL  foas.  17. 

F088.  gr.  7,  b. 

SiL  foes.  52,  ]^.  38. 

SiL  foes.  19. 

SiLfoBS.  17. 


SSL  foes.,  pL  41. 
Ibid. 

Q.J.G.S.,Ti]i,p.390. 
SiL  foBS.  50. 


F088.  gr.  7y  €, 
SiL  foes.  67. 

SiL  fo68.9  pL  6. 

Sil.  foss.,  pL  21. 

SiL  foss.  57. 

SiL  foes.,  pL  22. 

Ibid. 

SiL  foes.  57. 

Fobs.  gr.  7,  /. 
Foss.  gr.  7,  d. 
Ibid.y  7,  e. 


SiL  foes.)  pL  23. 

SiL  foss.  59. 

Ibid. 

Mem.  G.  S.  ILy  pt.  366. 

Foss.  gr.  9y  e. 
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Actocnlia  haliotia 
Chiton  Oiayanns. 
Euomphalus  discon 

funatuB 


an  foBB,  pL  24. 


a.  Acemtlirii 

b.  Omphrms  turblnmtaiii.  /.  Bplrirsn  pUateUa. 
r.  AtTypi  retlculuis,  ff.  EamnphAlna  difou^ 
<1,  StrapbODitDi  Japrato. 

Heteropoda  and  Pttropoda. 
Belkrophon  dilatatus  {and  Bala)  .         ,     Fusti.  gr.  6,  e. 

Wenlockeusis  .  .     8il.  foM.,  pi.  25. 

Conuloria  Sowerbyi  {mid  Bala)      .  .  Ibid. 

Thcca  aacep« Mem.  U.  S.  ii.,  ]>.  355. 

X2 
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Cfphali^poda. 

Lituitea  Biddulphii      ....  SSL  bM^  pL  SI. 

Ortbocena  anDulatuu  {and  Baia)  .         .  Vtm.  gr.  8,/. 

Maclareni  .         .         .         .  SU.  fou  84, 

Tentricoaum       ....  Q.J.QeoL  Soc  iL 


.   C^ 


FomU  Qmip  (fo.  a. 
Wenlock  FohOl 
.drifUdfttui,  d.  PhBoopa  candata^ 

I.  DcUsropbon  dllititiu. 


Eehinodermata. 


ActinocriaoH  pnlcher    . 
Crotalocriiius  ragosiu  . 
Cjathocrians  goniodactyLu 
Echino-encrinites  Bintiatiia 
Eacalyptodiniu  deconu 
MumpiocriiHu  ceelatna 


PttL  fow.,  p.  I. 
SO.  foM.  S6. 
Ihid.,  pL  14. 
Rii.,T,4. 
Jbid^pl  14. 
JUd^6a. 
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Periecliocrinus  moniliformis  .         .         Foss.  gr.  8,  &• 

Pseudocnnites  quadiifasciatus        .         .         Ibid,y  a. 
Taxocrinus  tessaracontadactylus     .         .         SiL  foss.,  pL  14. 

Annelida, 

Comulites  serpularius  .         .         .         SiL  foss.,  pL  16. 

Serpulites  longissimus  {and  Ludlow)      .         Ibid, 
Tentaculites  omatus     ....         Ibid, 

Crustacea, 

Acidaspis  Barrandii      ....  Sil.  foss.  64. 

Amp3rx  parvulus  ....  Mem.  G.  S.,  p.  350. 

Beyrichia  Kloodeni  [from  Llandovery  to 

Tilestone) SiL  foss.  63. 

Calymene  Blumenbachii  {from  Bala  to 

Ludlow) Foss.  gr.  8,  c, 

Cyphaspis  pygmseus     ....  Dec.  G.  S.  7. 

Encrinurus  variolaris  ....  SiL  foss.  64. 

Homalunotus  delphinocephalus     .         .  Ibid.,  16.  • 

Illsenus  Barrensis         ....  Dec.  G.  S.  ii 

Lichas  Anglicus  .....  Sil.  foss.  63. 

Phacops  caudatus  {Llandovery  to  Ludlow)  Foss.  gr.  8,  d, 

Proetus  latifroDS  ....  Sil.  foss.  64. 

Spliserexochns  minis  {find  Bald)    .         .  Ibid, 

Staurocephalus  Murchisoniaa  {and  Bala)  Ibid,,  1 0. 

Ludlow  Group. — 6.  The  Lower.  Ludlow  rock  of  Shropshire,  is  at 
its  base  not  unlike  the  Wenlock  shale — a  dark  sandy  shale,  with 
spheroidal  calcareous  concretions,  becoming  more  sandy  and  flaggy 
above,  generally  of  a  pale  grayish  or  greenish  brown  colour.  It  is 
usually  soft,  and  easily  decomposing,  so  as  to  receive  the  local  name  of 
mudstone.  The  shales  are  often  capped  by  beds*  of  impure  fuller's 
earth  (provincially  called  Walker^s  earth,  apparently  a  corruption  of 
the  German  "  walkerde  "),  which  support  the  Aymestiy  limestone. 

7.  The  Aymestry  Limestone  is  a  dark  gray  limestone,  rarely  so  thick 
or  so  pure  as  the  Wenlock  limestone  often  is.  In  South  Stafifordshire 
the  workmen  call  the  Wenlock  "  the  white  limestone,"  and  the  Aymes- 
try  "the  black  limestone."  It  is  generally  evenly  bedded  and  flag- 
like, being  usually  earthy  or  argillaceous,  with  small  concretions.  It 
often  dies  away  into  a  mere  band  of  calcareous  nodules. 

8.  The  Ujyper  Ludlow  rock  greatly  resembles  the  lower,  being  a 
slightly  micaceous  sandy  shale  or  flag,  or  soft  argillaceous  sandstone 
(mudstone),   generally   thin   bedded,   of    bluish   gray   colour  within, 


476  UPPER  8ILX7BIAN  PEBIOa 

weathering  externally  to  a  rusty  brown  or  greeniBh  gny.  Isxg^ 
Hpheroidal  concretions  occur  in  it.  The  upper  part  of  these  beds 
passes  by  insensible  gradations  into  red  Bandy  flagBy  loeally  called  tile 
stones. 

9.  The  Tilesione. — ^In  Shropshire  the  gsadatioiL  from  the  grayiflh  or 
greenish  Upper  Ludlow  rocks  into  the  overlying  zed  beds  is  rather  a 
rapid  one.  There  occur,  just  near  the  junction,  one  or  two  little 
bands,  called  bone  beds,  consisting  of  the  agglutinated  fragments  of  fish 
and  Crustacea,  which  may  be  assigned  to  one  or  other  group.  The 
Downton  Castle  building  stone,  a  light  coloured,  thin  bedded,  slightly 
micaceous  sandstone,  lies  above  these  bone  beds. 

In  South  Wales,  about  Llandovery  and  Llandeilo,  the  Upper 
Silurian  rocks  lose  all  their  distinctive  limestones,  and  can  only  be 
treated  as  one  group  of  Upper  Silurian,  distinct  from  the  Lower 
Silurian  below.  They  are  usually  vertical,  and  as  we  pass  across  their 
edges  we  find  the  upper  beds  alternating  with  red  beds,  and  gradually 
passing  into  a  mass  of  red  rocks  above — ^fossils  occurring  wherever  the 
beds  happen  not  to  be  red. 

On  the  banks  of  the  river  Sawdde,  near  Llangaddock,  is  a  section 
which  I  have  observed  myself,  and  which  has  been  described  by  Sir  H. 
Delabeche  in  the  Memoirs  of  the  Geological  Survey.  The  following  is 
an  abstract  of  its  upper  part : — 

FMt. 

5.  Qray  micaceous,  laminated  sandstone, /oMi7(ffrotM  390 
4.  Red  sandstones,  marls  and  conglomerates  •  .  700 
3.  Purplish  gray  micaceous  sandstones,  etc,  fouiU 

iferous         ...,..,         370 
2.  Band  of  red  conglomerate. 
1 .  Qray  and  brown  sandstones,  flagstones,  and  shales 

often  very  foMiliferotu         .         .         •         .       2000 

Below  No.  1  we  come  down  into  Lower  Silurian  beds,  while  above 
No.  5  the  beds  are  all  red,  and,  so  far  as  is  known,  quite  unfossiliferons. 
The  fossils  in  all  the  beds  from  1  to  6  are  Upper  Silurian  fossils,  and 
the  top  of  the  group  5  is  taken  in  the  maps  of  the  Geological  Survey 
as  the  boundary  of  the  Upper  Silurian,  all  above  being  considered  to 
be  Old  Red  Sandstone. 

If  we  take  groups  2  to  5  as  Tilestones,  we  shall  get  a  thickness  of 
nearly  1500  feet  for  that  sub-division.  (See  Mem.  G.  S.,  p.  23,  and 
sheet  41  of  the  GeoL  Sur.  Map.) 

Characteristic  FomU. — ^The  following  is  a  select  Ust  of  the  fossils 
most  characteristic  of  the  Ludlow  group  .^—  - 


UPFKB  StWaUS  FRBIOD. 


477 


Cyathaxonia  Siltiiiensis 


QiaptolithuB  priodon  , 


Actinozoa. 


Polyzoa, 


Brachiapoda, 


Discina  rogata 

striata 

Lingala  cornea 

lata 

striata 

Orthis  lunata 

Pentameros  Eniglitii   ,         .        .         . 
Rhynchonella  nucula  {from  Llandovery 

to  Ludlow) 

pentagona 

Conchtfera. 

Avicula  Danbyi  . 

Anodontopsis  (several  species) 

Ctenodonta  Anglica     . 

Oucullela  Cawdori 

Goniophora  cymbaBformis   ^. 

Modiolopsis  complanata 

Ortlionota  (several  species  of  M'Coy's). 

Pterinsea  retrofleza  {and  Wtrdock)    , 


Gasteropoda, 


Acrocidia  euomphaloides 
Cyclonema  corallii 
Euomphalus  carinatus 
Holoi)ella  cancellata 
Loxoiiema  sinuosnm     . 
Murchisonia  articulata 
Natica  parva 
Pleurotomaria  nndata  . 


M'OoyyRd.foes.^p.de. 


F068.  gr.  9,  a. 


SiL  foes.,  pL  20. 

Ibid. 

SiL  foes.  22. 

SiL  foe&y  pL  20. 

Ibid. 

Fose.  gr.  9,  b. 

Ibid.,  c. 

Ibid;  d, 

SiL  fose.^  pL  22. 


Foss.  gr.  9,  /. 
M'Coy,SiLfoss.,p.23. 
SiL  foss.,  pL  23. 
Sil.  foss.,  pL  34. 
Ibid,y  pL  23. 
Ibid. 

Foss.  gr.  9,  e. 


M'Coy,Sil.foss.,p.290. 
Foss.  gr.  10,  a, 
SiL  foss.,  pi.  24. 
SiL  foss.  14. 
Sil.  foss.,  pL  24. 
Ibid. 
Ihid,,  26. 
Ibid.y  24. 


Heteropoda  and  Fteropada. 

Bellerophon  expansus  .  .  .  Foss.  gr.  10,  (^. 

Conularia  subtilis. 

Ecculiomphalus  IsQvis  .  .  .  Sil.  foss.,  pi.  25. 

Theca  Forbesii  {and  Weidock)  .  .  Q.  J.QeoL  Soc.  iL,  p.  3 1 4. 
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8  Bonandii  SiL  torn.  8S. 

Lituitea  Euticolatiu       ....  SI  ibfl&,  pL  31. 

Ortlioceras  buljattua     ....  Foaa.  gr.  10,  «. 
PhiagmoceraB  ventricoaum    (and   otiuer 

epeciea)  .....  Ibid^f. 


'mil  Onup  No.  ». 
Lndlinr  fouJU.    , 


£cAmodermata. 
Palmuter  Butbrem  (and  other  ipecies)     .       SiL  fow.  56. 
lUteochoma  Colvini  {and  tliTee    other 

Bpeciea) rosB.gr.  10,  ft 

Prottistei  Miltoni  [and  other  species)         .  lUd^  b, 

Tuociiniu  CMngnyi     ....  WOaj,PtLtam^p,lii, 
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Amttlida. 

Croisopodia  lata  .  M'Coy,Pal.foafi^p.l30. 

Serpulites  dispar  .         .  Ibid.,  Ap.,  p.  1. 

Tentaculites  tenuia       ....  Sil.  foea^  pi.  16. 

Trachfderma  corioceiun  and  equamosam  Mem.  O.  S.  ii.,  p.  331. 


Ludlow  roulls, 

b,  ProUuler  HlltoDi.  (.  Oithoceru  bnllitum. 

c,  PalnwcLonia  CuIvlsL  /.  Fbngmocgm  veDtrlcotuin. 

Cnutaeea. 
Acidaspia  coronata       ....  Q.J.GeoLSocxm.,p.210. 
Caljmene  Bliunenbachii        .  .  ,  Foss.  gr.  8,  c. 

Ceratiocaris  MurehiBonii  {and  four  other 

species)  .....  SiL  fosB.,  pi.  19. 

Enchnurus  punctatuB  {from  Llandovery 

to  Ludlow)      .....  SiL  foes.  14. 
Gurypteras  abbreviatiu  (and   five  other 

species) Q.  J.  Geol.  Sot,  vol.  xv. 


Oiiuhiw  Murcliisonii  (utiJ 
Plcctiotlus  niiraliilis 

pustuliferua 

PUraspis  Banksii 


Sphagodus 

Ckaraclerutic  Fouila  of  tkf  ; 
whicb  are  atated  in  Salter  and  ^ 
are  there  styled  "  passage  l)edB, 
to  the  thin  beds  aliovc  thu  Dowi 
from  the  Upper  Ludlow  to  the  0 

Bra. 
LingiUa  cornea  {from  the  Lu 

Plfltjacliisma  helicitcs  {from 

Cr. 

BeTiichia  Kloedeni  {frmn  iki 

Eurjptcnis  acuminatiis  {jwfi 

linearis  {from  the  Luil 

megalops  {peculiar) 

pygnifBUB  {from  t/ie  Li 

LeperditU  marginata  (</o.l 
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Cephalaspis    Murcliisonii   (and   another 

species)    .         .         .         .         .         .  Sil.  foss.  22. 

Onchus  Murchisonii  {from  the  Ludlow),  Sil.  pi.  35. 

?  Plectrodus  mirabilis  {do.)     .         .         .  Ibid. 

?  Pteraspis  Banksii  {do)        .         .         .  Sil.  foss.  67. 

The  description  of  the  Upper  Silurian  rocks  just  given,  applies  to 
them  throughout  Shropshire  and  Stafifordshire,  Herefordshire  and 
Worcestershire,  Monmouthshire  and  Gloucestershire.  If  we  proceed 
from  tliat  district  into  either  North  Wales  or  South  Wales,  a  great 
change  takes  place  in  them,  since  all  the  limestones  die  out  and 
disappear,  and  the  days  and  shales  pass  into  hard  slates  and  flags, 
while  coarse  sandstones  and  fine  hard  grits  make  their  appearance 
among  them. 

It  is  barely  possible  to  separate  the  Upper  Silurian  into  two  groups 
— the  Ludlow  and  the  Wenlock — ^in  the  Clun  Forest  district,  and  thence 
through  Radnor  Forest  down  to  Llandeilo  towards  the  south,  or  in 
the  Long  Mountain  (between  the  Stiperstones  and  the  Breiddens)  on 
the  north.*  In  all  those  places  they  pass  conformably  and  gradually 
uj)  into  the  overlying  red  series  (Tilestones  or  Passage  beds)  which 
have  hitherto  been  considered  the  base  of  the  Old  Red  Sandstone. 

Farther  north,  in  Denbighshire,  even  this  separation  has  been  found 
impracticable.  The  Upper  Silurian  consists  of  the  Tarannon  shales, 
probably  representing  the  Llandovery  beds,  and  the  Denbighshire  sand- 
stones, which  represent  the  lower  part  of  the  Wenlock  shale,  and  pass 
up  into  a  great  series  of  dark  flags  and  slates,  which  represent  the 
upper  part  of  the  Wenlock  group,  and  possibly  more  or  less  of  the 
Ludlow    series.     These   beds   are    very   highly  inclined   and   greatly 

*  In  sheet  80  of  the  Horizontal   Sections  of   the  Geological  Survey,  which  crosses 
Clun  Forest,  we  have  the  following  series  described  by  Mr.  Aveline : — 

Feet. 
8ui)po8cd  Old    ( Red  marl  and  fissile  gray  micaceous  sandstone  (used  for  tiles)  with 

Red  Sandstone.  \     thicker  beds  of  light  coloured  sandstone 1500 

Ludlow  OrouD   iS*°*^y»  ^*gKy»  brown  shales,  and  dark  brown  sandstone,  upper  beds 

(     very  fossiliferous,  lower  quarried  for  flagstone       ....      6000 
/  Grayish  brown  and  blue  sandy  argillaceous  shale,  passing  down  into 
GrouD         1     ^^^^»  8™y»  8"^*y  sandstones  with  bands  of  ilark  slate  penbigh- 

(     shire  sandistones) 5000 

In  sheet  4,  which  runs  over  Mynnydd  bwlch-y  groes,  near  Llandovery,  the  section  crosses 
the  edges  of  the  following  beds,  all  vertical : — 

Red  beds  of  supposed  Old  Red  Sandstone.  Feet. 

Tilestones. — Laminated,  gray,  micaceous  sandstone,  fossiliferous       ....        800 

Ludlow  and    i  Sandstones,  thick  above,  thinner  below,  having  gray  shales  and  calca- 

Wenlock.      (     reous  bands  inter»tratifle<l,  with  most  shales  near  the  base  5500 

( Pale  blue,  green,  and  brown  shales  (Tarannon)         ....        600 

Llandovery,     t  Thick  beds  of  coarse  sandstone,  with  layers  of  Pentameri  800 
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denuded,  and  small  patches  of  Old  Red  Sandstone  lie  here  and  there, 
nearly  horizontally,  acrosis  their  often  vertical  edges,  the  SilurianB 
striking  ea.st  and  west,  while  the  Old  Red  ranges  from  south  to  north. 

These  Denbighshire  flags  contain  an  abundance  of  large  Theca,  or 
other  Pteroi>odou8  shells  (called  at  one  time  Creseis,  by  R  Forbes, 
Geol.  Jour.,  vol.  i.,  ]).  146,  and  iL,  p.  314),  as  well  as  groups  of  Crinoidfl 
in  some  places,  and  other  fossib  (Cardiola  interrupta,  et<5.),  which  prove 
their  Upi)er  Silurian  charjicter  independently  of  their  lying  above  the 
Bala  bed^  of  the  Berwyns,  and  Cym  y  Brain,  and  those  of  Merioneth 
and  Caeniar\'on. — (See  Maps,  sheets  71  and  74,  and  sections,  sheets 
38  and  39,  of  the  Geological  Su^^'ey.) 

Cumberland,  etc. — According  to  Professor  Sedgwick  the  following 
are  the  tji^ical  groups  of  rocks  depositeil  during  the  Upper  Silurian 
jxiriod  in  the  north  of  England  : — 

3.  Kendal  group  =  Ludlow  rocks. 

2.  Ireleth  slates  =  Wenlock  rocks. 

1.  Coniston  grits  =  May  Hill  sandstone. 

1.  The  Coniston  grits  have  few  fossils,  and  their  identity  with  the 
^lay  Hill  sandstone  is  therefore  doubtful,  although  very  probable. 

2.  The  Ireleth  slate  group  is  divided  into  four  stages : — a,  Lower 
Treleth  slate  ;  l,  Ireleth  limestone  ;  r.  Upper  Ireleth  slate ;  rf,  Coarse 
nlate  and  grit.     Fo^fsils  are  rare,  but  generally  of  the  Wenlock  type. 

3.  Tile  Kendal  grouj)  is  divided  into  three  stages  :  a,  A  great  group 
of  flags  and  grita ;  fossils  abundiuit  and  of  the  Lower  Ludlow  type.  6, 
Tliiok  grit  and  flagstone,  with  bands  of  coarse  slate ;  fossils  locally 
abundant,  and  of  Upper  Ludlow  type  ;  r,  Tilestones,  resembling  those 
of  Slin)i)8hire,  etc. — (Sedgwick,  Synopsis  of  CUissifcationy  etc) 

Four  species  of  star-fish  have  been  found  by  Professor  Sedgwick  in 
the  Kendal  group  (stage  />),  of  which  Uraster  primsdvus  is  the  most 
abundant,  and  Protast^r  Sedgwickii  the  most  interesting,  as  being  the 
only  known  fossil  representiitive  of  the  Euryalidro  (Mem.  GeoL  Soc, 
Dec.  1). 

Scotland. — Representatives  of  the  Llandovery  rocks  appear  to  occur 
near  the  cojist  of  the  southern  jwirt  of  Ayrshire,  in  Saugh  Hill,  south  of 
Girvan  {Siiaria,  3d  edition,  chap,  viii.),  resting  on  the  Lower  Silurian 
rock^i  of  the  luirthern  flank  of  the  border  Highlands,  while  rocks,  be- 
lieved to  be  of  Wenlock  age,  reix)se  on  their  southern  flank  in  the  head- 
lands of  Kirkcudbright  Biiy. 

The  Pentland  Hills  are  also  sujjposed  by  Sir  R.  L  Murchison  (ib) 
to  contiiiu  rocks  of  Wenlock  age ;  and  to  the  west-south-west  of  them, 
neiir  Lesmahago,  five  miles  south-west  of  the  town  of  Lanark,  are 
gi'oups  answering  to  the  Ludlow  and  Tilestone  (or  passage)  beds,  pre- 
viously spoken  of. — (Siliiria,  chap,  viii.,  p.  175.) 
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Here  there  has  been  exposed  by  denudation  of  the  Lower  Old 
Red  Sandstone  (so-called),  a  considerable  thickness  of  green,  gray,  and 
dark  shales  and  flags,  passing  up  quite  conformably  and  by  insensible 
gradations  into  several  thousand  feet  of  red  shales,  sandstones,  and  con- 
glomerates. That  the  Silurian  beds  are  the  representative  of  the  Lud- 
low group,  is  proved  by  the  fossils  found  by  Mr.  Slimon,  of  Lesmahago, 
consisting  of  large  Pterygoti,  Ceratiocaris,  Lingula  cornea,  and  other 
fossils,  such  as  occur  in  the  Ludlow  and  Tilestone  beds  of  Hereford  and 
Salop.  Some  of  the  Pterygoti  are  believed  to  have  exceeded  six  feet 
in  length. 

Ireland, — Representatives  of  the  Llandovery  beds  are  to  be  found 
largely  in  Galway,  about  Maam,  and  the  south-west  end  of  Lough  Mask, 
some  of  the  upper  beds  being  probably  of  Wenlock  age.  This  is  the 
case  with  the  beds  of  Ughool,  near  Ballaghadereen,  and  possibly  with 
those  of  Lisbellaw,  south  of  Enniskillen.  In  all  these  places  great  con- 
glomerates abound,  containing  rounded  blocks  of  syenite  of  one  or  two 
feet  in  diameter. 

Beds,  probably  of  Llandovery  age,  are  to  be  found  also  in  the 
Cratloe  Hills  of  Limerick,  on  the  west  flank  of  Cahirconree  in  Kerry, 
and  probably  also  in  the  Anascaul  Valley,  on  tlie  south  side  of  the 
Dingle  Promontory. 

At  the  extremity  of  that  promontory,  between  Ferriters  Cove  and 
Dunquin,  and  thence  to  Smerwick  Harbour,  certain  beds  occur  which 
appear  to  represent  both  the  Wenlock  and  Ludlow  groups,  siuce 
crowds  of  fossils,  characteristic  of  those  beds,  are  to  be  found  there.  A 
certain  line  has  been  dra>vn  by  ISIr.  Du  Noyer,  beneath  which  Wenlock 
species  abound,  while  above  it  are  many  Ludlow  sj^ecies,  including,  in 
some  places,  many  specimens  of  Pentamerus  Knightii,  the  species  being 
identified  by  Mr.  Salter  on  the  ground. 

These  beds  are,  however,  greatly  disturbed  and  confused,  and  bent 
into  violent  contortions,  if  not  inverted.  Certain  beds  of  purple,  and 
green,  and  yellow  sandstones,  etc.,  lie  apparently  beneath  the  Wenlock 
beds,  and  graduate  up  into  them,  peculiar  conglomerates  occurring  both 
in  the  fossiliferous  beds  and  in  the  beds  below  them.  These  are  called 
by  the  Geological  Survey  by  the  provisional  name  of  the  Smerwick  beds. 

Over  the  Ludlow  beds,  again,  there  sets  in  a  vast  thickness  of  green 
and  purplish  grits,  interstratified  with  red  shales,  and  having  in  the  upper 
beds  purple  conglomerates,  with  i)ebbles  containing  Llandovery  fossils. 
These  we  call  the  Dingle  beds.  They  appear  to  occupy  the  same  posi- 
tion as  the  red  beds  above  the  Ludlow  rocks  in  Shropshire  and  Here- 
fordsliire,  in  South  Wales,  and  in  Scotland,  but  no  fossils  have  yet  been 
found  in  them  in  Ireland.  Tliey  will  be  mentioned  again  in  the  next 
chapter. 

Bohemia, — The  rocks  deposited  during  the  Upper  Silurian  Period 
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in  what  is  now  Bohemia,  are  (li\dded  by  M.  Barrande  into— Stage  £, 
Calcaire  iiiferieur.  Stage  F,  Calcaire  moyen.  Stage  O,  Calcaiie 
superieur.     Stage  H,  Sohifits  cubuinans. 

Scandinai'ia. — M.  Angelin  similarly  divides  the  Upper  Silurian 
rocks  of  this  district  into  }iis  Hegio  D  £,  Harpanmiy  shales  and  white 
limestones,  and  Hegio  E,  Cr^ptonomorum,  limestones  resting  on  sand- 
stones and  shales. 

OH  these,  Stage  E  of  Barrande  and  R^o  £  of  M.  Angelin  certainly 
equal  very  nearly  the  Wenlock  rocks  of  Sir  R.  I.  Murchison,  there  being 
18  sjxicies  of  Brachiopods,  besides  corals  and  other  fossils,  common  to 
.this  group  of  rocks  in  the  three  countries.  Sir  K.  I.  Murchison  gave, 
in  1847,  a  list  of  74  species  found  in  the  rocks  of  Qothland  (Regio  E), 
47  of  which  occur  in  Britain,  13  in  Ludlow  rocks,  and  14  in  the  Wen- 
lock,  the  20  others  being  found  in  both.  The  Rcgio  D  £,  of  M. 
Angelin,  is  not  represented  in  Bohemia.  It  may  possibly  be  equal  to 
the  Llandovery  or  Iklay  Hill  sandstone.  The  stages  F,  Q,  H,  of  Bar- 
rande are  not  recognisiible  in  Scandinavia.  There  are  167  species  of 
trilobites  in  the  Up})er  Silurians  of  Bohemia,  and  99  in  those  of  Scan- 
dinavia, with  only  one  species,  the  Calymene  Blumenbachii,  common  to 
the  two  countries.  The  total  thickness  of  the  Upper  and  Lower 
Silurian  and  Cambrian  rocks  of  Bohemia  is  between  30,000  and 
40,000  feet ;  that  of  the  same  rocks  in  Scandinavia  is  not  more  than 
1000  or  1200  feet.  Of  the  total  number  of  fossil  species  found  in  the 
two  countries  (which  is  from  2000  to  2600),  not  more  than  one  per 
cent  are  common  to  the  two  countries,  except  in  the  Brachiopods,  in 
which  the  number  may  perhaps  rise  to  five  per  cent — (See  M.  Bar- 
rande^s  very  interesting  ParalUle  entre  Us  dtpdts  Siluriens  de  Boheme 
et  de  Scandinaciey  Prague,  1 866.)  M.  Angelin  says  that  in  Scandinavia 
there  is  nut  one  si)ecies  common  to  any  two  of  liis  seven  Regiones ;  but 
this  may  perhaps  aiise  from  his  over  minute  distinctions  in  the  species 
of  Mollusca,  etc.  M.  Barrande  has,  however,  only  a  few  species  com- 
mon to  any  two  of  his  six  stages.  If,  on  the  other  hand,  we  look  at 
the  nimiber  of  genera  of  trilobites  in  Scandinavia  and  Bohemia,  we  find 
39  in  Bohemia  and  46  in  Scandinavia,  of  which  30  are  common  to  the 
two  countries,  those  30  being  the  most  important  and  well-established 
genera,  containing  the  greatest  number  of  species  and  individuals. 

North  America, — The  rocks  of  this  region  of  the  age  of  the  Upper 
Silurian  period,  are — 


Lower 
Helderbero  i 
Group. 


10.  Upper  Pentamerus  limestone 
9.  Encrinal  limestone 
8.  Delthyris  slialy  limestone 
7.  Lower  Pentamerus  limestone 
6.  Tentaculite  limestone  . 


Feet 


300 
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Onondaga 

AND  NiAOABA  •< 

Group. 


Clinton 
Group. 


Medina 
Group. 


< 


6.  Onondaga  salt  group,  a  gray  ash-coloured 
shale,  with  gypsum  and  rock-salt 

4.  Niagara  limestone,  compact  gray  lime- 
stone, resting  on  blue  calcareous 
shale      ..... 

3.  Clinton  rocks. 

c.  Variegated  red  marls  and  calcareous 

shales        .... 
b.  Shales   and   argillaceous   limestone 

and  calcareous  sandstone     . 

a.  Greenish  and  yellowish  slates  with 

ferruginous  sandstone 

2.  Medina  sandstone. 

b.  White  fine-grained  sandstone,  alter- 

nating with  red  and  greenish  shale 
at  top       .... 
a.  Soft  brown  argillaceous  sandstone, 
and  red  shale    .... 
1.  Gray  sandstone  with  thick  beds  of  sili- 
ceous conglomerate  (Oneida),  containing 
fragments  of  the  lower  rocks 


Feet 


VlOOO 


y2400 


460 

600 
400 


According  to  Professor  Rogers  (Johnston's  Physical  Atlas,  2d  edition), 
not  only  does  the  Medina  group  contain  a  conglomerate  (Oneida)  made 
of  pebbles  of  the  lower  rock,  but  it  and  the  whole  Upper  Silurian  rocks 
are  distinctly  unconformable  to  the  Lower,  as  they  are  in  Wales  and 
other  parts  of  the  world. 

Characteristic  Fossils, — The  Clinton  group  contains  Pentamerus  ob- 
longus  and  laevis ;  and  together  with  the  Medina  group  is  probably  the 
representative  of  the  Llandovery  rocks  or  May  Hill  sandstone.  The 
Niagara  limestone  contains  Calymene  Blumenbachii ;  Homalonotus  del- 
phiiiocephalus ;  Rhynchonella  Wilsoni  and  cuneata  ;  Orthis  elegontula  ; 
Pentamerus  galeatus  ;  Orthoceras  annulatimi ;  Favosites  gothlandica, 
etc.  ;  and  is  therefore  of  nearly  the  same  age  as  the  Wenlock  series. — 
{LyelVs  Manual.) 

Professor  Ramsay,  in  his  table  {Silwria,  p.  472),  looks  upon  the 
Lower  Helderbeig  group  as  equivalent  to  the  Lower  Ludlow,  and  says 
that  one  of  the  Pentameri  (P.  occidentolis)  is  like  P.  Enightii,  but 
smaller.     Eurjrpterus  also  occurs  in  the  upper  beds. 

It  does  not  appear  that  there  is  any  exact  equivalent  of  the  Upper 
Ludlow  rocks,  and  there  appears  to  be  a  break  l>etween  the  top  of  the 
Lower  Helderberg  group  and  the  next   formation,  as   the  Oriskany 
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sandstone  rests  in  denuded  hollows  of  it.— (See  also  Dp.  Bigsby's  pftper 
Ijefore  inentioneil.) 

In  the  Geoh)gical  Reports  of  Canada  for  the  year  1866,  Mr.  Richaid- 
Ron  descrilx's  the  structure  of  the  Island  of  Antioosti,  and  Mr.  Billingi 
tlie  fos>ils  cc>llected.  From  these  descriptions  it  appears  that  there  is 
a  series  of  beils  resting;  quite  unconfomiably  on  the  Lanrentian  gneiflB, 
and  dip] dug  at  a  verj*  gentle  angle  across  the  island  from  north  to  soutL 
This  series  is  4500  feet  tliick,  consi^ting  of  several  great  groups  of 
limestones,  intei*stratified  with  shales  and  slates.  It  is  di^-idetl  into  six 
groujis,  the  lower  three  of  which,  with  a  thickness  of  about  1300  feet, 
answer  to  the  Lower  Silurian  Black  River  and  Hudson  groups.  Bat 
there  then  come  in,  in  the  upi>er  three  group,  abundance  of  Pentameri 
(P.  lens  among  them),  and  other  fossils  answering  to  those  of  the  Medina 
and  Clinton  groups,  so  that  there  is  believed  to  be  a  regular  gradation 
here  from  the  Lower  Silurian  into  the  L^pper  Silurian  formations. 

As  all  geological  lx)undaries  are  l>asetl  upon  the  absence  of  beds, 
which  may  elsewhere  exist,  we  must  always  expect  to  find  our  arbi- 
trarj'  bouurlaries  becoming  evanescent  with  advancing  knowledge. 


Life  op  the  Period. 

In  the  disciL'ision  of  the  forms  of  life  existing  during  the  two  pre- 
ceding i>eriods,  we  seemed,  and  i)erhaps  only  seemeil,  to  be  treating  of 
the  very  commencement  of  life  ujxni  the  globe.  The  only  question  of 
the  kind  still  to  be  asked  is  as  to  the  coinmencement  of  vertebrate  life. 
During  the  latter  part  of  the  present  i)eriod,  however,  we  know  that 
fish  existed,  and  that  therefore  tdl  the  five  sub-kingdoms  into  which 
animal  life  is  now  divisible,  the  Protozoa,  the  Coclenterata,  the  Mollusca, 
the  Annulosa,  and  the  Vertebrata,  were  in  existence,  and  have  remained 
80  ever  since  this  thiixl  kno>m  i>eriod  of  the  world's  history. 

If  we  examine  the  list  of  fossils,  dmwn  up  by  Salter  and  Morris  for 
the  3d  edition  of  Sir  R.  I.  Murchison's  Stfuriay  tmd  if,  as  is  there  done, 
we  club  together  the  Lower  and  Upper  Llandovery  rocks  into  one 
grouj),  we  find  that  out  of  947  sej)amte  sjxjcies,  there  are  twenty-one 
which  are  common  to  the  Lower  Silurian  groups  and  the  Llandovery 
rocks,  but  are  not  found  in  any  higher  beds.  Of  these  one  only,  viz., 
Orthis  Actonia;,  proceeds  from  the  Llandeilo  group,  the  rest  being  all 
Bala  si)ecies. 

If  we  omit  the  Llandovery  rocks,  we  find  fifty-one  other  species,  or 
about  5^  per  c<.»nt  of  the  whole  series  of  fossils,  which  are  found  both 
in  beds  below  and  l>eds  above  the  Ijimdovery  rocks.  Three  of  these, 
namely,  Stenopora  fibrosa,  Oitliis  elegantula,  and  Cucullela  anglica,  are 
said   to  range   from  Llandeilo  into   Ludlow  rocks,  and   three  from 
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Llandeilo  to  Wenlock,  namely,  Halysites  catenularius,  and  Orthis 
biforata  and  calligramma.  Of  the  other  forty-five,  fifteen  range  from 
Bala  to  Ludlow  rocks,  and  thirty  from  Bala  to  Wenlock  only.  How- 
ever subsequent  discoveries  may  alter  the  absolute  numbers  here 
given,  it  is  probable  that  their  proportions  will  remain  much  the  same. 

The  few  species^  which  ranged  from  the  Llandeilo  flags  into  the 
Wenlock  or  Ludlow  groups,  resembled  the  few  which,  having  lived  at 
an  early  tertiary  period,  still  survive  among  ourselves  after  the  gradual 
extinction  of  such  multitudes  of  their  contemporaries.  They  belong, 
moreover,  to  comparatively  low  orders  of  life,  which  are  apt  to  be  of 
much  longer  existence  than  the  higher  classes. 

Only  five  trilobites,  namely,  Acidaspis  Brightii,  Calymene  Blumen- 
bachii,  Cheirurus  bimucronatus,  Cyphaspis  megalops,  and  Lichas  Qrayii, 
extend  from  the  Bala  beds  into  the  Wenlock  or  Ludlow  rocks. 

Of  the  Graptolites,  which  seem  not  to  have  come  into  existence  till 
after  the  deposition  of  the  Lingiila  flags,  and  the  extinction  of 
Barrande's  so-called  Primordial  fauna,  all  those  which  may  be  called 
double  and  twin  Qraptolites  died  out  at  the  close  of  the  Lower  Silurian 
period  ;  and  of  the  single  Graptolites,  one  only,  Graptolithus  priodon 
(called  by  some  Graptolithus  Ludensis),  survived  from  the  time  when  the 
Bala  beds  were  deposited,  to  that  when  the  Ludlow  rocks  were  formed. 
One  other  species  of  Graptolite,  called  Graptolithus  Flemingii,  has  also 
been  found  in  the  Kirkcudbright  beds,  which  are  believed  to  be  of  the 
age  of  the  Wenlock  shale. 

No  other  Graptolites  have  been  found  in  Upper  Silurian  rocks  in 
the  British  islands,  nor  in  any  newer  rock  in  any  part  of  the  world. 

New  Genera, — ^The  following  generic  forms  first  (so  far  as  is  yet 
known)  came  into  existence  within  the  British  area  during  this  period, 
those  Mdth  an  asterisk  not  surviving  it ; — 

Actiiwzoa,  Acervularia,  Alveolites,  *  Aulacophyllum,  Chaetetes,  *Clado- 
cora,  Chonophyllum,  Clisiophyllum,  *Ccenite8,  Cyathaxonia, 
Cyathophyllum,  Cystiphyllum,  Fistulipora,  *  Goniophyllum,  *  La- 
bechia,  Lonsdaleia,  *  Paheocyclus,  Ptychophyllum,  *  Thecia, 
Zaplirentis. 

Poli/zoa,  Cellepora,  Ceriopora,  Discopora,  ?Escharina,  Fenestrella,  Glanco- 
nome,  ?  Heteropora,  *  Nidulites,  Polypora,  ?  Retepora,  *  Retiolitee. 

Brachiojxxia,  Athyris,  Chonetes,  Pentamerus,  *  Porambonites,  Eetzia,    ^/ 
I  Terebratula.' 

Coivchifera,  Anodontopsis,  Avicula,  *  Clidophorus,  Dolabra,  Gonioi)hora, 
•  Graiumysia. 

Oasteropoday  *Acroculia,  Cliiton,  Loxonema,  Natica,  Platyschisma, 
?  Trochus,  Turlx). 

Cephalopoday  *Ascoceras,  *  Nothoceras,  *  Phragmoceras,  *  Tretoceras. 
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Echinodtinnata,  Actinocrinuf*,  *Apiocy8tite»,  *  CheirocrinnB,  *  Crotalo- 
criiius,  Cyatlioorinus,  *  DiiuenKjrinus,  *£chinoeT)crinite8,  *Enallo- 
crinus,  *Eucalyptocrinu8,  *Ichthyocrinus,  ^Ischadites,  *Lepidaster, 

*  Macrostylocriiius,    *  Mar8U]>iocrinu8,   Paloechinua,   *  PalaBOOoma, 

*  Palicodiscus,  *  Palasterina,  *  Periechocrinua,  ♦  PiBocriniiBy  Platy- 
criinis,  PlLurocy^Jtites,  *  Prunocystitea,  •  PaeudocriniteSy  •  Rhopalo- 
conia,  TaxiKTiiius,  *  Tetragcmis,  *  Tetramerocrinus. 

Annelida^  *  Coniulites,  Spirorbis. 

Crustacea,  *  Ceratiocaris,  *  Deiphoii,  Euryi>teru8,  •  Proetns,  Pteiygotcu, 

Parka  (cgj^s  of  Pt.) 
Ft'sfi,  AiK'henaspis,  Ccphalaspis,  Onchos,  *Plectrodu8,  Pteraspis,  Spha- 

godus. 

In  this  list  we  may  remiirk  a  considerable  addition  to  the  genera  of 
Coi-ids,  wliile  the  new  genera  of  BrachioiXKls  are  few  ;  one  shell  being 
referred  to  Terebratula,  to  wliich  many  living  Brachiopods  belong. 
Some  new  genera  of  ordinary  bivalves  appear,  among  whieh  Avicula 
still  siirvivtfs.  Of  the  GiusteroiKxls,  tlie  genus  Giiton  now  began  to 
exist,  and  has*  been  reprer»eiited  by  a  few  successive  species  down  to  our 
own  day,  when  tlu^y  are  very  numei-ous.  Shells,  scarcely  to  be  dis- 
tinguis^hcd  from  the  existing  geneni  Turbo  and  Trochus,  but  which 
may,  perhaps,  liave  been  oceanic  like  lanthina,  also  existed. 

Some  ]>ecnliar  modifications  of  the  strange  Orthoceras  family  also 
ma<le  their  appearance  during  this  period,  and  became  extinct  probably 
at  its  close. 

Among  the  Echinodennata  we  have  numerous  peculiar  genera  of 
Crinoidea  (or  sea-lilies)  and  some  others  that  were  still  more  developed 
during  the  Carboniferous  period.  Tlie  remarkable  extinct  family  of 
Cyst  idea  also  shewed  several  }>eculiar  genera,  and  then  the  whole 
family  died  out.  Several  kinds  of  star-fish  have  been  found  beautifully 
preserved  in  some  of  the  rocks  of  the  ])eriod,  and  are  only  to  be  dis- 
tinguished from  existing  star-fishes  by  Echinodermatists,  who  study  the 
arrangement  of  the  little  j^lates  and  other  minuter  characters  of  the 
class. 

In  the  Ccustacean  chisswe  fintl  the  Phyllopod(or  shrimp-like)  Ceratio- 
OAris,  continuing  the  order  wliich  commenced  with  Hymenocaris  in  the 
Lingula  fiags  ;  but  two  new  genera  of  Trilobites  appear  while  the  laiger 
and  more  lol)ster-like  Eui*\"))terid{B  shew  two  genera,  Eurypterus  and 
Ptervgotus,  wliich  become  larger  and  more  numerous  in  the  next  period. 

Tlie  Pish  of  the  genus  Pteraspis  and  its  allies  were  probably  Ganoid 
fish,  or  covered  with  enamelled  bony  scales,  like  the  bony  pike  (Eeox 
osseus)  of  the  North  American  lakes  ;  wliile  Onchus  or  Sphagodus  seem 
to  have  had  a  shafjretm  covering  like  that  of  the  sharks  of  our  times. 

PaUiozoic  Corah, — It  may  be  well,  perhaps,  to  seize  this  oppor- 
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tunity  of  the  first  appearance  of  lai^ge  corals  to  sdy  a  few  words  on 
Pakeozoic  corals  in  general,  taking  as  a  guide  Professor  Qreene's  lately 
published  Manual  of  the  Coslenterata.  He  divides  the  sub-kingdom 
Coelenterata  into  two  classes — Hydrozoa  and  Actinozoa.  The  Hydrozoa 
include  the  Hydra  or  fresh- water  polyps,  the  Sertidaridaj,  the  Velleke, 
the  Medusae,  and  others,  mostly  soft-bodied  animals,  incapable  of  pre- 
servation as  fossils,  except  those  which,  like  Sertularia  and  Campanula, 
etc.,  are  often  called  "  sea-weeds.** 

The  Actinozoa  are  either  soft  or  coral-forming,  and  are  divided 
into  four  orders  —  1 ,  Zoantharia  ;  2,  Alcyonaria  ;  3,  Rugosa  ;  4, 
Ctenophora. 

To  Zoantharia  belong  the  soft  Actiniae,  and  almost  all  living  Corals. 

To  Alcyonaria  belong  the  Alcyonium  or  Deadman's  fingers,  the 
Tubipores  or  organ-pipe  corals,  the  Pennatulae  or  sea-pens,  and  the 
Qorgonias  or  searfans,  to  which  Corallum  (giving  the  red  coral)  belongs. 

The  Rugosa  are  an  entirely  extinct  order,  being,  with  one  exception, 
confined  to  Palaeozoic  rocks,  and  are  only  known  by  their  corals. 

The  Ctenophora  have  no  hard  parts  ;  they  include  many  beautiful 
Oceanic  creatures,  such  as  Beroe,  Venus's  girdle,  etc.,  and  are  often  bril- 
liantly phosphorescent.     They,  of  course,  are  not  known  as  fossils. 

llie  external  tentacles  and  internal  mesenteries,  or  walls  of  the  body 
compartments,  of  the  Zoantharia,  are  either  five  or  six,  or  multiples  of 
five  or  six,  and  the  vertical  plates  or  septa  of  the  internal  cavities  of  the 
corals  of  those  Zoantharia  which  secrete  corals,  follow  the  same 
nimierical  law. 

In  the  Rugosa,  however,  these  internal  plates  or  septa  are  either  four 
or  multiples  of  four,  and  they  are  therefore  separated  as  a  distinct  order 
from  the  other  coral-forming  Actinozoa,  since  in  the  numerical  law  of 
division  of  their  parts,  they  agree  with  the  Alcyonaria,  which  have 
always  eight  tentacles,  and  the  internal  chambers  of  which  are  always 
some  multiple  of  four. 

The  onler  Zoantharia  is  divided  into  three  sub-orders,  the  first  of 
which  has  no  coral,  the  Actinia  or  sea  anemone  being  an  example 
of  it  The  second  has  a  mere  internal  basis,  homy  or  stony  or  both, 
on  which  Ihe  soft  body  is  extended,  as  in  the  Corallum  or  Red  Coral, 
jmd  Gorgonia  and  Isis.  The  third  includes  the  true  Corals,  or  those  that 
have  a  calcareous  skeleton  formed  within  the  body  of  the  animal,  and 
these  are  again  subdivided  into  groups  according  to  the  structure  of  the 
corals. 

One  of  these  groups  is  called  Tabulata,  because  the  cavities  of  the 
corals  are  divided  by  horizontal  tabula;, — the  vertical/  septa  being 
rudimentary.  Tliis  group  is  the  one  most  allied  to  the  distinct  order 
Rugosa,  in  which  the  cavities  have  also  horizontal  tabula)  very  con- 
spicuous, together  with  equally  conspicuous  vertical  septa.    The  tabulate 
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Zoantliaria,  however,  have  their  septa  multiples  of  six,  and  not  of  four 
like  the  Riigosa.  The  extinct  genera  Favosites,  HalydteB,  and  Miche- 
linia,  are  examples  of  Z<vantharia  Tabulata,  of  which  some  other  genera 
have  always  existed  during  all  geological  periods,  and  four  are  found  in 
the  present  seas*. 

Another  group  of  Zoantliaria  is  called  Perforata,  on  account  of  the 
body  of  the  corals  l>eing  iK)roua.  They  have  no  horizontal  tabuke. 
Tlie  genera  MailreiK.)ra  and  Pontes  belong  to  this  group. 

Another,  and  by  far  the  largest  group,  is  called  Zoantharia  Aporosa, 
because  the  st-pta  arc  completely  Limellar,  and  the  walls  seldom  porous, 
but  fonuing  a  perfect  sheath  for  the  body.  The  old  genera  Turbinolia, 
Oculina,  Astiwa,  and  Fungia  (now  divided  by  M.  Edwards,  and  J.  liainie, 
and  otliei's,  into  no  less  than  152  genera),  arc  examples  of  tliia  group. 

Tlie  Zoantharia  Peiforata  and  Aporosa  include  all  the  existing  cond- 
forming  Zoantharia,  and  the  great  bulk  of  those  which  lived  in  the 
Secondary  and  Tertiary  epochs. 

The  Silurian  corals  are  chiefly  Rugosa  (such  as  Acervularia^  Cjfa- 
thop/it/Uu7)if  and  Zaphrentis)  and  Zoantharia  tabulata. 

Many  of  the  Silurian  and  other  Palajozoic  corals  so  resemble  modem 
genera  in  external  fonn  and  appearance  tliat  they  were  at  one  time 
classed  among  existing  genera,  until  more  exact  observation  shewed  many 
of  them  to  be  in  fact  iueml)ers  of  a  totidly  distinct  order,  all  the  genera 
of  which  have  long  since  perished  from  the  earth. 

Extinction  of  Forms. — It  remains  only  to  call  attention  to  the  fol- 
lowing genera,  which,  having  commenced  during  the  Lower  Silurian, 
and  sunived  into  the  Upper  Silurian  Period,  now  became  extinct 

Actino:on,  Halysites,  Nebulipora. 

Polifzoa^  Graptolithus,  Ptilodictya. 

Brac/u'oj)o(fa^  Oljolus,  Siphonotrt'tu. 

Conchiferaj  Ambonychia,  Cardiola,  Cteuodonta,  CucuUela,  Lyrodesma, 

Modioloi)i*is,  Orthonota,  Pterinaia. 
Gasterojfoda^  Cyclonema,  Ilolopflla. 
Pteropoda^  Ecculiompludus,  R^^rotheca,  Tlieca. 
Ceph a lopoda ,  Lit uit ea. 

Ec/iinodcrm(if((y  Glyptocrinus,  Palaaster,  Protaster. 
Annelida y  Crossopodia,  Seri)ulites,  TentACulites,  Trachyderma. 
Crustacea  f  Acidtispis,  Ampyx,  Beyrichia,  Caljiuene,  Cheirurus,  Cyphaspis, 

Encrinurus,  Homalonotus,  Illajnus,  Lei>erditia,    Lichas,  Phacops, 

Spha3rexochus,  Stauroceplialus. 

The  great  mass  of  the  Trilobites  thus  died  out  with  the  Graptolites, 
though  imlike  the  latter,  the  family  was  continued  by  a  few  genera 
and  species  to  stiU  later  periods. 
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CHAPTEE    XXIX. 

DEVONIAN  PERIOD. 

This  period  is  so  caUed  because  certain  rocks  which  occupy  a  large 
part  of  Devon  are  believed  to  have  been  deposited  while  it  elapsed.  All 
rocks  which  were  formed  after  the  uppermost  of  those  which  can  be 
properly  called  Silurian,  and  before  the  lowest  of  any  which  can  be 
properly  called  Carboniferous  may  be  classed  as  Devonian  rocks,  and 
looked  upon  as  records  of  Devonian  time. 

The  rocks  in  Devon  and  Cornwall  were  believed  to  occupy  this 
place  because  the  fossils  they  contained  seemed  to  hold  an  intermediate 
place  between  true  Silurian  and  true  Carboniferous  fossils  ;  they  also 
lay  below  rocks  which  were  undoubtedly  of  Carboniferous  age.  We 
have  seen,  when  describing  the  Upper  Silurian  rocks,  that  they  are 
covered  by  a  series  of  red  rocks,  which  are  commonly  called  the  Old 
Red  Sandstone,  and  the  great  Carboniferous  series  certainly  comes  in 
over  the  top  of  this  red  series.  The  Old  Red  Sandstone  then  certainly 
lies  between  the  Silurian  and  Carboniferous  formations,  and  if  we  are 
to  class  all  the  rocks  which  occupy  that  position  as  Devonian  rocks, 
then  the  Old  Red  Sandstone  is  Devonian.  But  the  Devonian  rocks 
south  of  the  Bristol  Channel  consist  of  clay  slates  (locally  called  Killas), 
and  gray  limestones,  with  brown  sandstone  and  flags,  while  tlie  Old  Red 
Sandstone  north  of  the  Bristol  Channel  consists  chiefly  of  red  sand- 
stones and  conglomerates,  with  nothing  like  gray  slates  or  large 
masses  of  limestone.  They  are  therefore  lithologically  very  diflerent 
kinds  of  rocks,  nevertheless  that  is  no  reason  why  they  should  not  be 
parts  of  the  same  formation. 

The  smooth  gray  marbles  of  Plymouth  might  geologically  be  identi- 
cally the  same  as  any  of  the  coarse  conglomerates  of  Hereford  or  Wales, 
that  is,  they  might  have  been  formed  at  precisely  the  same  time  in 
diflerent  places.  Just  as  the  pebble  beaches  of  the  British  coasts  and  the 
coral  reefs  of  the  tropics  are,  as  contemporaneous  deposits,  included  in 
the  same  "  Recent  or  Hmnan  Period,"  so  these  old  dissimilar  rocks 
might  all  belong  to  the  "  Devonian  Period." 

It  is,  liowever,  quite  possible  that  the  slates  and  limestones  of 
Devon,  and  the  red  sandstones  of  South  Wales,  although  each  deposited 
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within  tlie  same  great  period,  arc  not  strictly  contempoianeons,  bnt 
were  fonned  at  different  imrts  of  the  period.  Or  it  is  possible  tliat  the 
red  sandstone  series  of  South  AVales  is  not  a  continuous  series — that 
the  lower  })art  of  it,  at  all  events,  is  older  than  any  of  the  Devon 
series,  while  tlie  upper  part  may  be  newer  than  much  of  that  series. 

It  is  unfortunate  that  up  to  the  present  time  it  has  been  fomid 
imj)08sible  to  decide  these  (questions,  because  in  no  case  have  the  fossils 
of  tlie  Devon  rocks  been  found  in  any  beds  associated  with  the  Old  Red 
Sandstone,  or  any  place  discovered  where  the  two  formations  came  into 
contact,  so  that  their  relations  of  superposition  could  be  clearly  a8ce^ 
tained. 

There  is,  therefore,  at  present  great  uncertainty  as  to  this  portion  of 
the  series,  an  imcertainty  of  such  a  nature  as  to  lead  to  a  doubt  whether 
the  Devonian  period  will  ultimately  be  retained.  The  rocks  so  called 
may  perliaps  hereafter  be  classed  partly  vith  the  Upper  Silurian,  and 
partly  with  the  Lower  Carboniferous. 

As  the  rocks  called  Old  Reil  Sandstone  are  peculiarly  British,  I  will 
first  of  all  describe  them,  and  then  take  the  Devon  locks,  and  their 
equivalents  abroad. 

Old  Red  Sandstoiip  of  Silun'a. — In  the  section,  fig.  110,  and  in  the 
descriptions  of  the  Upper  Ludlow  rocks  of  Shropshire  and  Hereford- 
shire, we  found  them  passing  up  into  a  series  of  red  flagstones  and 
sandstones. 

In  Shropshire,  this  series  of  red  sandstones,  with  bands  of  impure 
arenaceous  limestone  (comstone)  and  occasional  beds  of  red  conglome- 
rate, and  red  and  green  clays  or  marls,  lies  regularly  and  conformably 
upon  the  Upper  Ludlow  rocks,  and  dij)s  at  a  gentle  angle  to  the  south- 
east, so  as  to  sliew  a  thickness  of  3700  feet,  when  it  is  covered  by  the 
Carl)oniferous  rocks  of  the  Glee  Hills. 

It  spreads  from  this  district  to  the  south-west,  through  Hereford  into 
Monmouth  and  Brecknock,  where  it  acquires  an  enormous  thickness-^ 
at  least  10,000  feet.  It  forms  mountains  nearly  3000  feet  high  (one 
of  the  Brecon  Vans  is  2860  feet),  in  which  the  beds  lie  at  a  very  gentle 
angle,  and  shew  but  a  small  part  of  the  formation.  In  this  district 
comstones  seem  to  abound  more  near  the  centre  and  lower  part  of  the 
formation,  while  beds  of  conghmierate  occur  in  its  upper  part 

l^oceeding  into  Caennarthenshire,  its  lower  beds  are  tilted  up  into 
a  vertical  ]K)»ition,  along  with  the  Upper  Silurians,  and  in  the  country 
south  of  Llandeilo  fawr,  they  lie  as  in  the  folloAring  section  (Fig. 
HI). 

The  lower  beds  are  only  to  bo  separated  here  from  the  Upper 
Silurian  by  the  most  arbitrary  line  of  division,  founded  on  the  gradual 
disapi>earance  of  all  fossils  as  the  rocks  get  more  and  more  entirely  red. 

The  uppermost  red  rocks,   on   the  other  hand,  dip  conformably 
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beneath  the  escarpment  of  the  Carboniferous  limestone,  and  some  of  the 
yellow  sandstones  and  shales,  which  appear  among  the  uppermost  red 
rocks,  contain  fragments  of  plants. 


SOUTH 


NORTH 
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Fig.  HI. 

Section  across  Cwm  Ceimen,  three  or  four  miles  8W.  of  Landeilo  fawr,  reduced 
sec.  2,  sheet  3,  of  the  horizontal  sections  of  the  Geological  Survey. 

Length  of  section,  about  three  miles. 
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Between  this  upper  and  lower  part  there  is  unfortunately  the  longi- 
tudinal valley  of  Cwm  Cennen,  in  which  no  rock  is  to  be  seen  ;  but 
on  proceeding  eastwards  to  the  head  of  that  valley,  and  crossing  that  of 
the  Sawdde  to  the  head  waters  of  the  Usk  or  Wysg,*  the  intermediate 
rocks  are  met  with,  and  appear  to  connect  the  top  and  bottom  of  the 
formation,  both  lithologically  and  by  their  "  lie,"  since  their  angle  of 
dip  graduaUy  increases  towards  the  Silurian  country,  and  decreases  as 
gradually  towards  the  Carboniferous. 

In  South  Wales,  then,  there  is  no  apparent  break  in  the  continuity 
of  the  Old  Red  Sandstone,  though  it  is  difficult  to  explain  its  "  position 
and  lie"  with  respect  to  the  Carboniferous  rocks  of  Pontypool,  and  the 
Upper  Silurians  NW.  of  Usk,  without  supposing  a  separation  there  of 
some  kind  between  the  upper  and  lower  part  of  the  series. 

Old  Red  Sandstone  of  Ireland^  Counts/  Kerry, — It  has  been  already 
stated  that  the  representatives  of  the  Wenlock  and  Ludlow  groups  can 
be  identified  by  means  of  their  fossils  at  the  extremity  of  the  Dingle 
Promontory  in  County  Kerry.  Now  the  rocks  are  there  so  violently 
disturbed,  that  it  is  almost  impossible  to  make  out  the  details  of  their 
structure  satisfactorily,  but  the  main  facts,  as  exhibited  in  the  following 

*  Tills  word  "  wysg,"  by  which  the  river  is  known  near  its  head,  is  evidently  the  same 
as  the  Irish  wonl  for  "  water ; "  but  I  believe  its  meaning  is  now  quite  unknown  in  Wales. 
*'  Dwr,"  the  Welsh  word  for  water,  scema  allied  to  the  Greek  "  hydor,**  while  the  Irish  word 
Is  more  like  the  Latin  "  aqua." 
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diagram,  arc  clear  enough.  This  diagram  is  based  on  the  facts  to  be 
seen  in  two  or  three  transverse  sections  across  the  peninsida  and  in  the 
maps  of  the  whole  district,  so  that  it  represents  the  tmth,  although 
there  is  no  one  line  of  country  m  which  all  the  fSacts  given  in  it  are  to 

be  observed  together. 


Fij:.  11L\ 

Diflgram.'itic  Kcotidii  representing  the  relntion  of  the  Dingle  beds  to  the  rocks  above  and 

Im'Iuw  them. 
h.  Carlx'iiiferous  linieHtone. 

g    OM  Red  Sandstone,  3000  or  40<»0  feet. 

Uneoufurnmliilty. 
(.  I)in;rl*>  Ucils,  Handtitones,  alates,  and  ennglonierates,  7000  to  10,000  feet. 
•   Possible  uneonformability. 
f.  C'rojihinnrhin  bods,  with  Ludlow  foAsils. 
h.  Ferriten*  Cove  Ixrds,  with  Weulr)ck  ftjsslls. 
a.  Suien^'iek  Wds,  red  nnd  green  and  yellow  vandstones  and  conglomerates,  no  fossils. 

The  Croghniarhin  beds,  containing  Pentamerus  Knightii  and  other 
Ludlow  fossils,  dip  south  at  a  high  angle  under  a  great  series  of  red 
and  green  giits  and  red  and  puq)le  slates,  with  bands  of  purple  con- 
glomerate, some  pebbles  in  which  contain  Llandovery  fossils.  This 
great  series  we  call  the  "  Dingle  beds."  Some  facts  connected  with  the 
general  structure  of  the  district  lead  me  to  suspect  that  they  are  not 
quite  confonnalde  to  the  rocks  containing  Upper  Silurian  fossils  below 
thtfin,  but  creep  across  them  so  as  ultimately  to  rest  on  the  Smerwick 
beds  a.  Tliis,  however,  is  a  doubtful  point,  wlule  there  can  Ije  no 
doubt  of  their  being  above  the  Croghmarhin  beds.  The  Dingle  l>eds 
are  clearly  seen  in  the  cliifs  of  the  coast  for  several  miles,  dipping 
invariably  south  at  an  angle  of  60°  or  thereabouts,  and  striking 
through  a  succession  of  headlands  along  the  coast  in  which  Ventry  and 
Dingle  Harbours  lie.  Mount  Eagle  and  Brandon  Mountain,  the  latter 
of  which  is  over  3000  feet  in  height,  are  entirely  composed  of  them. 

Their  tliickness  cannot  be  less  than  7000  or  8000  feet,  and  that  is 
not  their  whole  thickness,  since  their  topmost  beds  are  nowhere  to  be 
seen.  The  upjH'nnost  l>ed8  tliat  are  seen  strike  along  the  cliffe  of  the 
north  side  of  Dingle  Btiy  for  several  miles,  and  plunge  to  the  south 
into  the  water  ;  and  when,  as  the  peninsula  expands,  they  strike  into 
the  land,  they  are  very  shortly  covered  by  another  set  of  red  sand- 
stones and  conglomerates  which  rest  unconfonnably  on  the  edges  of  the 
Dingle  beds.  Tliese  overlying  unconformable  beds,  which  are  un- 
doubted Old  Red  Sandstone,  a])i>ear  at  first  as  isolated  patches  on  the 
hill  tops,  or  as  bonlers  to  the  peninsula,  as  their  beds  rise  from  the 
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Bea  ;  but  as  we  proceed  towards  the  east  or  inland,  they  spread  farther 
and  farther  towards  the  centre  of  the  peninsula,  and  soon  arch  over  the 
tops  of  the  hills  in  continuous  sheets,  horizontal  in  the  centre,  but 
dipping  on  either  hand  towards  the  sea  at  higher  and  higher  angles  as 
they  near  the  coasts.  The  Dingle  and  Silurian  beds  may  be  still  seen 
beneath  them  for  a  short  distance  in  the  glens  and  valleys  which  have 
been  worn  down  through  the  unconformable  covering,  as  on  the  slope 
of  Caherconreagh  and  in  the  Derrymore  Glen  ;  but  as  the  hills  gradu- 
ally decline  towards  the  east,  and  the  Old  Bed  Sandstone  sinks  even 
a  little  faster  in  that  direction,  the  lower  rocks  become  shortly  quite 
concealed  by  it,  and  it  itself  dips  conformably,  and  at  a  gentle  angle, 
beneath  the  Carboniferous  limestone  both  to  the  north  and  south,  and 
round  the  eastern  termination  of  the  range,  which  is  there  called  Slieve 
Mish. 

We  have  here,  then,  two  sets  of  red  rocks  which  might  be  each 
called  the  Old  Red  Sandstone,  since  they  both  lie  between  the  Upper 
Silurian  and  the  Carboniferous  formations,  but  yet  are  clearly  separated 
from  each  other  by  their  decided  unconformability,  the  one  adhering  to 
and  forming  the  upper  portion  of  the  Silurian  series,  the  other  quite 
neparated  from  that,  and  forming  the  base  of  the  Carboniferous  rocks. 

Old  Red  Sandstone  of  Scotland — Lanarkshire. — My  colleague  Mr. 
Qeikie  has  lately  described  facts  precisely  similar  to  those  just  men- 
tioned as  observable  in  the  south  of  Scotland-  (Q.  J.  G.  S.,  L.,  vol. 
xvL,  p.  313.) 

TTie  green  beds  of  the  Upper  Silurian  near  Lesmahago  (see  p. 
483)  graduate  upwards,  as  pointed  out  by  Sir  R.  I.  Murchison  (in  his 
paper  in  Q.  J.  G.  S.,  L.,  vol.  xii.,  p.  1 7)  "  into  a  perfectly  conformable 
series  of  red  shales,  sandstone,  and  conglomerate  bands,  which  pass  by 
alternations  into  a  higher  and  very  thick  group  of  puri:>lish  gray  sand- 
stones, often  pebbly  and  conglomeritic."  In  one  section  Mr.  Geikie 
follows  this  ascending  series  for  eight  miles,  and  assigns  it  a  thickness 
of  12,000  feet  and  upwards.  As  in  Kerry,  the  top  of  the  formation 
is  nowhere  reached,  since  it  is  covered  unconformably  by  the  "  Upper 
Old  Red  Sandstone"  and  Carboniferous  rocks. 

Mr.  Geikie  shews  that  a  similar  "  Lower  Old  Red  Sandstone"  rests 
conformably  on  the  upper  Silurian  rocks  of  the  Pentland  and  Lammer- 
muir  Hills,  covered  equaUy  unconformably  by  the  "  Upj)er  Old  Red 
Sandstone"  and  Carboniferous  rocks. 

K  then  the  separation  of  tlie  Old  Red  Sandstone  of  Siluria  into 
two  distinct  groups  be  doubtful,  we  have  clear  evidence  that  in  Scotland 
and  Ireland  there  are  two  distinct  red  series,  one  adhering  conformably 
to  the  upper  part  of  the  Silurian  series,  and  the  other  making  the 
conformable  base  of  the  Carboniferous  series,  a  discordant  break  occur- 
ring between  the  two  of  such  magnitude,  as  to  make  it  impossible  to 
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consider  them  as  j)art8  of  one  fonnation,  or  indude  them  in  one  com- 
mon designation. 

Characteristic  Fossils  of  the  so-called  Lower  Old  Red  Sandstone, — 
Neither  the  coarse  sandstones  and  conglomerates,  nor  the  red  dates 
and  shales,  are  rocks  likely  to  contain  many  fossils.  The  lemainB  of 
fish,  however,  of  the  curious  genera  Cephalaspis  and  Pteraspis,  have 
been  found  in  Siluria,  both  in  the  Ludlow  rocks  (even  the  Lower 
Ludlow)  and  the  red  Comstone  series  over  them.  So  far  as  the  fish 
are  concerned,  the  Ludlow  rocks  and  the  Red  Sandstone  and  Com- 
stone series  (including  the  Tilestone  and  rocks  greatly  above  it)  form 
parts  of  one  formation.  Here,  therefore,  there  is  neither  petrological 
nor  jmlajontological  boundary  to  be  drawn  between  the  Upixjr  Silurian 
and  the  "  Lower  Old  Red,"  the  only  distinction  l>eing  a  lithological  one, 
and  that  chiefly  in  the  mere  colour  of  the  rocks.  Mr.  Geikie  says 
that  Cephaliispis  Lyellii  has  also  been  found  in  the  so-called  Lower 
Old  Red  Siindstone  of  Lanarkshire. 

Besides  the^e  fish,  the  large  C-nistiiceans,  Eurypterus  and  Ptery- 
gotus,  have  been  found  l>oth  in  Siluria  and  in  Scotland,  in  beds  (the 
Arbroath  Flagstones,  etc.)  which  may  be  either  Upper  Silurian  or 
Lower  Old  Red  {Siluria,  3d  edit.,  p.  277). 

Unfoilimately  the  Dingle  beds  of  Ireland  have  not  yet  yielded  to 
the  researches  of  the  Geologiciil  Survey  any  fossils  whatever,  except 
those  in  its  pebbles  which  clearly  do  not  belong  to  it,  though  I  have 
little  doubt  that  Cephalaspis  and  Pteraspis,  as  well  as  Eurypterida?, 
will  eventuallv  be  disinterreiL 

In  the  following  fossil  group,  No.  11,  a  figure  is  given  of  one  of 
the  species  of  fish  chanicteristic  of  the  beds  now  described,  namely — 
Cephalas})is  Lyellii  ;  the  two  others  belonging  to  beds  higher  in  the 
series,  which  will  now  be  spoken  of. 

Old  lied  Sandstone  proper  of  CaithnesSy  the  Murray  Frith,  Fiftskire 
(Dura  Den),  etc. — In  Caithness  Sir  R.  I.  Murchison  describes  a  great 
series,  di\'isible  into  three  groups — 

3.  Up])er  Old  Red  Sandstone. 

2.  Bituminous  schists  and  hard  flagstones,  with  limestones. 

1.  Thin  bedded  flagstone  passing  down  into  red  sandstone,  and 
that  into  red  conglomerate. 

The  bottom  of  No.  1  rests  on  granite  and  metamorphic  rocks. 
(Siluria,  3d  edit.,  p.  280.) 

No.  3  probably  shoiUd  be  classed  with  the  Carboniferous  group. 

Nos.  2  and  1  contain  a  number  of  fish  of  the  family  Acanthodidge,_ 
and  also  of  the  following  genera  : — ^Asterolepis,  Bothriolepis  (fragments, 
probably  of  several  difl'erent  things  so  called),  Coccosteus,  Diploptems, 
Dipterus,  Glyptolepis,  Gyroptychius,  Osteolepis,  Pterichthys.  (Infomut'' 
tion  su2)pli€d  by  Professor  HuJcUy.) 
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The  some  growp,  both  in  Caitlmeaa  and  the  Orknej  lalands,  contains 
a  number  of  plants  clearly  of  teirestrial  origin,  and  gre&tly  teaembling 
Lepidodendron,  Calamitea,  and  other  forms  which  are  commim  in  the 
Carboniferous  rocks,  but  perhaps  not  really  belonging  to  those  genera. 


FoHil  I^h  of  Lower  utd  Upper  Old  Red  Sondatone. 
'I.  Cephaluple  Lf  ellli.  ».  GaecoaUua  declpEeni,  c  Plcrichthyi  Utus. 

The  some  beds,  losing  the  bituminous  9chi»ts,  ore  traceable  south- 
wards along  the  eaat  coast  of  Scotland,  along  both  shores  of  the  Murray 
Frith  (Hugh  Miller's  countiy),  whence  a  thin  skirt  of  them  strikes  south- 
weKt  into  the  great  glen  of  the  Highlands.  (Sketch  Map  of  Scotland, 
by  Sir  R.  L  Mnrchison  and  Archd.  Geikie.) 

They  recUT  on  the  coast  of  Forfar  and  Fife,  whence  they  Btrike 
again  to  the  south-weat,  along  the  foot  of  the  Grampians  to  the  Clyde, 
their  upper  beds  forming  apparently  the  "  Upper  Old  Red  Sandstone" 
already  spoken  of  as  lying  unconformably  on  the  so-called  "  Lower" 
Old  Red  Sandstone  of  Lanark,  etc. 

The  following  genera  have  been  found  at  Ihira  Den,  in  Fifeshire — 
Dcndrodus,  Olyptopomus,  Olyptoltemus,  Holoptychius,  Phaneropleiiron, 
Platygnathus,  Pterichthys. 

y3 


y  ?^35:D- 


fc.  -■ 


..    :  1  ■  --  --• " 


't   M. . 


i~    ".   z^  '.    lit  y-;'*  rUiL       ri»—  -r-r*-  '  r:  i 
~-".     ""  ^~    i-i'-r  "Ti-jt.  AOii  li**:**;'  r?.  rur  < 

*    -"■-*'■  '*. — 1:1    lie     *-:tirIi     i 

:    L  T:r  SlIitixii    r  tir,    ^     *cr:r?     i 
'-    '  i'  :     "1-7  -Tr«=r  j*ir:  -.f  rhc  rtii 

'.!.  ;..:  ;    ..-    r.-i.-    ■.'■-'..     I:.  lr-'_i:_-l-  iz-ictr^L  i:  U  boT'itr  a^il 

:..  :-"--.-  •'..-     ".  ;^-i_T. -■  :l_i:  :1t  .lir-  .:  Wile*  Like  ihc  f.-rci 

". .  •    .■.■.."■  .. . r.  I.  *:.:;'''. r:_ .  -:  : Jir:  . :  :lr  .r. it-  o  ntain?  a  niiuiL'^r  i  f 

-  . •     :'  '    ..    .    ii. ".   _T-»: ■-..-"..   T.^:.  ■.-:.:.-:  i::-:  -Lilr  ;  the   vcll'.\r   .-sisil- 

'*  :.•  ■  ■  '■.;._•  :-.  -    ~-'.l  ■-■:••■-'.  ^--rl  ii.  :'.■--:  r.:r:':i  -f  IrvLmii  a?  to  Itacl  Sir 

f.  </:-.:^..\.  •    .'.'.  -  r*..-:  :-i;..^  .:  :!.-  -  Y-'.l:-!-  •vii.l*tcne"  to  the  upjHrr  jiart 


^^    » 


'I 


T:.-  ()'.  .  i\''\  .Si:.  >:  L-r  ■:■  r^Li^-Crs  Lvot  G'.rwbriiL'e,  in  Kilkennv, 
;;-  ;i  v  ;v  •;.:;»  ba:. ':.  t  ^:t  -Wrrll-  . .:::  t.war'Ir  the  south-west  in  WaUT- 
i',:'\  ;:;.■;  T  . ; ic  i- .  .i  T ]* i . k r.v- -  -if  se v- nJ  t L"U.vind  feet.  At  Kilt<.<rcan 
H.il,  fj'Mi  t}.<:  vi'l.i^r-  if  Ii.:riyhal--.  ill  the  jttrish  of  Kn«.vktf'i.her, 
tt,\\u^w  Kiik^.nr.y,  .it*:  '^luni---  in  the  uiiiK:r  yellow  or  greenish  sand- 
pJ'/U'r-",  ff'/in  v.iii^lj  Utr.iti!'.  f'f  i\  fnrni,  in-aily  two  feet  across,  have  l»een 
]tri'uifi\,  l'.;.'rtJi«r  Willi  ]>Iarjts  of  a  ;.vniLS  Ciilletl  Cj'clostigma,  l«y  Pn>- 
i«- '.or  ll.ni;'liloii,  -iiiin!  jiarts  of  which  re-k-niMe  a  Sigillana,  and 
♦»!l;<'r-'.  fi«|ii'lo»l«n<lron,  and  ev<.'n  CalaiiiitL-s  while  its  roots  appear  to  lie 
H!i;'iii;iii;i.  '|'li«'-<?  m.cur  with  linli  scales  Ixdon^^dng  to  the  genera 
A-l.4-ioI<jii-4,  (JIyji!'»l«-|ii^,  and  Coccosteiis,  and  others  assigned  to  Both- 
iio|r|ii.!  ],y  Ml.  I^jiily,  to;rrtlier  with  a  lar^'o  fre>h-water  bivalve  iihell 
ni\h'i\  Anoiloht.-i  Jiik«'>ii  by  E.  P'orbes,  ami  fraf(inent3  of  an  Euni»tenis. 
K.  KoiIm  :♦  nahM-d  the  hir^it  ftni  provisionally  CVclopteris  Hilx*nuca  ; 
liiit.  M.  A'i(i|]ilH'  f'liiiii^Miiail  has  decided  that  it  is  more  like  Adiautites. 
fSrr  I  x|ilnnjjliiin  of  nluM'tH  147  and  157  of  the  Geological  Sim'ey  of 
Iri'lnnd.;     'I'Ih'  KoHsil  (iroup  No.  12  «,'ive8  thive  of  these  species. 

Till'  Old  \{vi\  Sandstone  of  this  pait  of  Kilkenny  is  about  800  feet 
thirk,  and  paHHUH  ipuli:  conformably  beneath  the  dark  shales  and  gray 
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limefttones  of  the  CarboniferouB  series.  Hie  ferns  and  the  Anodon  have 
been  found  also  near  Cloomel  and  neai  Cork  ;  and  fragments  of  the 
plants  alwaya  oc«ur  in  the  upper  part  of  theOld  Hed  Sandstone  throughout 
the  south  of  Ireland.  At  Tallow  Bridge,  in  Wateribrd,  very  large 
stems  are  exposed.     (See  explanation  of  sheets  176  and  177  O.  S.  I.) 


Fnull  Onnp  No.  IX 


b.  CycloMlgiiu 


The  uccunence  of  these  foBsUa  in  beds  just  a  little  below  the  base  of 
the  undoubted  Carboniferous  limestone,  aids  ua  in  fixing  the  place  of  tlie 
similar  beds  in  Scotland,  in  which  similar  fish  and  plants  occur.  Tlie 
occurrence  of  the  large  fresh-water  shell,  so  like  the  Anodon  of  our  owii 
lakes,  raises  a  strong  presumption  in  favour  of  the  fresh-water  character 
of  the  hah,  and  thus  lends  support  to  Mr.  Godwin  Austen's  idea  that  the 
Old  Red  Sandstone  is  a  fresh-water  formation. 

The  Rockt  of  Devon  and  ComiralL — Professor  Sedgwick  and  Sir 
Roderick  SIuTchiaon  described  the  structure  of  North  and  South  Devon  in 
a  paper  published  in  vol.  v.,  p  633,  of  the  Transactions  of  the  GeologiaJ 
Society,  2d  seriea.     Sii  Roderick  MurchisoD  gives  an  abstroct  of  one 
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of  the  flections  of  North  Devon,  in  Siluria,  p.  294,  which  indadeB  the 

following  groups  : — 

7.  Culm  measures  ;  grits,  slates,  and  beds  of  culm,  with  a  black  lime- 
stone, containing  Posidonomya  near  the  base. 
6.  Upix-r  Devonian  bands  with  Clymenia  limestone. 
5.  Red  and  brown  arenaceous  rocks  (Marwood  sandstone). 
4.  Quail  zos(>  schists. 
3.  Gniy  sdiists  and  Stringocephalus  limestone. 

2.  J{i}i\  sandstone  an<l  conglomerate. 

1.  Lowest  beds  of  schist  and  red  micaceous  sandstone. 

Of  tliese  tlie  Marwoo<l  sandstone  (5)  contains  the  same  fossils  as  occur 
in  the  Coomhola  grits  of  Ireland,  which  are  certainly  Carboniferous. 

It  may  be  doubted,  perhaps,  whether  1  be  not  an  Upper  Silurian 
rock,  from  its  containing  Orthides,  etc.  If  so,  it  would  follow  that  2,  3, 
and  4,  are  tlie  only  groups  which  ought  to  be  called  Devonian. 

Professor  Sedgwick,  in  his  introduction  to  his  British  Palaeozoic  Rocks 
and  Fossils,  arranges  the  rocks  of  South  Devon  into  the  following 
grouj)s  : — 

3.  Dartmouth  Slate  Grov}^. — Coarse  roofing  slates  and  quartzites,  ending 

upwards  with  beds  of  rid,  green,  and  variegated  sandstone, 

(  Cy  Coarse  red  sandstone  and  flagstone. 

2.  Plymouth  Group.    <  b,  Calcareous  slates. 

{  a,  Great  Devon  limestone. 
1.  Liskeard  or  Ashhurton  Group. 

The  whole  of  the  rocks  of  Devon  and  Cornwall  are  greatly 
disturbed  and  contorted,  often  even  inverted,  RO  that  in  the  country 
about  the  Dodnian,  south-west  of  St  Austell  Bay,  some  of  the  upper 
rocks  dip  a])parently  beneath  others  which  are,  by  their  fossils,  of 
Cambro-Silurian  age  {Siluria,  p.  160).  For  this  reason  the  district  is 
one  which  is  not  well  calculated  to  form  a  typical  district,  and  any 
conclusions  drawn  from  it  require  very  strict  testing  and  verification  in 
other  loc^dities  where  the  rocks  have  been  left  more  undisturbedly  in 
their  original  order  of  suj)er-position. 

The  characteristic  fossils  of  the  Devonian  rocks  of  Devonshire  may 
be  stated  as  follows,  the  Fossil  Group  No.  1 3  containing  figures  of  some 
of  the  most  remarkable : — 

Sj)onf/iil(C. 

Stromatopora  placenta  .         .         .         Foss.  gr.  13,  a. 

Actinozoa. 

Cyathophyllimi  cajspitosum  .         .         Tab.  View.* 

*  Tliia  rofere  to  the  "  Tabular  View  of  Characteristic  Britiah  Fossils,"  published  by  the 
Society  for  Promoting  Christian  Knowledge,  price,  in  a  book,  68. ;  a  little  work  to  which 
frequent  reference  will  hereafter  be  made  for  figures  of  the  fossila  that  may  bementiooed. 
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Hetiolitea  peroea 

pyriformiB 

Pleurodictyum  probli 

Atrypa  dcBquamata 
Calceola  Sandalina 
OrthJB  circularis. 
Spirifera  calcarata 

specioBa 

Stringocephalus  Burtini 
Uncited  porrectuit. 


Pliil.  Pal  foBS.,  L  7.* 

Ibid. 
Tab.  View. 

Sil.  f<M8.  70. 

Fm.  gr.  13,  e. 

M'Coy,  Cwb.  irm.,  t  So. 

Tab.  View. 

Ditto. 

Fosfl.  gr.  1 3,  d,  and  Tab.  V. 

M'Coy,  Pal.  fows  pi.  2  A. 


Pnull  Group  Kii.  IS— Devonian, 
a.  Stroiuatopon  ijlircnte.  *.  BtringocfpMni  BnrtfnI. 

A.  Bn>nteui  fliihelllfcr.  i.  Plcuratomuls  upen. 

c.  CilFouU  Hodiillnii.  /.  Cljmniki  itriiU. 

Conchifera. 
McsnloJon  cucullatuB  ...         Sil.  foss.  76,  and  Tab.'  V. 
Oatttropoda. 

Pleiirutoinaaria  aKjiem  .         .         .         Fob«.  gr.  13,  e. 

Cj'lialopodn. 
Ciynienia  atriota  ....         Fom.  gr.  13,  /. 

■  rhilllpa'ii  Falswolc  FouU)  of  Comvill  uid  Dcron. 
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Crustacea. 
Bronteus  flabellifer  .  Foes.  gr.  1 3, 6,  and  Tab.  V. 
?  Homalouotus  armatus,  etc. 
Phacops  laciniatus. 
latifrona      ....         PhiL  IW.  foes.,  fig.  249. 

Behjhnn  and  the  Rhbu, — Large  masses  of  rock  form  the  hilly  region 
of  the  Aixlennes  between  Nanmr  and  Mezieres,  and  stretch  thence 
across  the  Khine  into  Westphalia,  forming  the  Eifel,  the  Hundsruck,  the 
Tauniis,  and  the  Westerwald  Hills. 

Tlie  greater  part  of  this  district  has  been  coloured  in  the  Continental 
maps  as  Devonian  (Lower,  Middle,  and  L^pper).  Some  of  the  lower 
rocks  may  be  set  down  certainly  as  Lower  Silurian  {SHuria,  p.  423)  ; 
some  of  them  when  more  minutely  and  accurately  examined  will 
perhaps  turn  out  to  be  Upi>er  Silurian,  while  the  upper  groups  are 
certainly  Carboniferous. 

The  Cl^Tuenia  and  Goniatite  limestone,  the  Cypridina  schiefer,  and 
Spirifera  Venieuillii  schiefer,  are  certainly  identical  with  the  Carboni- 
ferous slate  of  S.  Ireland,  which  clearly  lies  above  the  whole  of  a  vast 
thickness  of  Old  Red  Sandstone  there,  and  Ijelongs  to  the  Carboniferous 
grouj).  It  contains  the  Cypridina  sen*ato-striata  and  Spirifera  Vemeuillii 
(so  called)  in  great  abundance,  as  will  l^e  shemi  presently.  There  re- 
main then  for  the  Devonian  rocks  of  Belgium  and  the  Rhine  two 
groups.  The  first  and  lowest  of  these  are  the  "  Coblentzien  and  Ahrien 
systemes"  of  Dmnont,  which  coincide  with  the  "  Spirifer  sandstein" 
and  "  Wissenbach  slates  "  of  Sandberger  and  others.  The  second  or  upjwr 
group  contiuns  the  "  Calceola  schist  or  Lenne  Schiefer  "  of  Von  Dechen, 
the  "  Agger  and  Lenne"  group  of  Von  Dechen,  F.  Romer,  and  Girard, 
and  the  Eifel  or  Stringocephalus  limestone. 

The  fossils  found  in  these  rocks  in  the  Eifel  and  Rlienish  country 
are  said  to  be  the  following — 

In  the  "  Spirifer  sandstein,"  Spirifera  macroptera,  and  S.  speciosa 
— Terebratula  archaici,   Orthis  circularis,  Leptiena   plicata,  Chonetes 
semiradiata,  many  species  of  Pterinea,  Pleurodictyum  problematicum 
and  the  Tiilobites  called  Phacops  laciniatus,  and  Phacojw  latifrons,  and 
Homalonotus  Ahrendi,  and  H.  aniiatus. 

The  Wissenbach  slates  contain  some  of  these  fossils  also,  and  some 
others,  such  as  Orthoceras  gracile  and  Ooniatites  compressus. 

The  Agger  and  Lenne  group,  and  the  Eifel  limestone,  contain — 

Calceola  sandalina,  Spirifera  cultrijugata,  and  others  ;  Stringo- 
cephalus Burtini,  Uncites  gryphus,  Megalodon  cucullatus  (not  found  in 
Britain,  figured  in  SiL  foss.  75,  p.  298),  Lucina  proavia,  Murchisonia 
bilineata,  and  the  corals  Cyathophyllum  ciespitosum,  Favosites  poly- 
morpha,  Heliolites  pyriformis,  etc.  (Silun'a,  chap,  xvi.) 
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North  America, — In  many  parts  of  North  America  the  Palaeozoic 
rocks  lie  so  regularly  and  undisturbedly,  that  they  may  probably  be 
eventually  taken  as  the  true  type  of  that  part  of  the  series  which  lies 
between  the  Silurian  and  Carboniferous  formations. 

The  following  groups  have  hitherto  been  described  as  lying  above 
those  previously  mentioned  at  p.  484,  and  below  others  which  belong 
undoubtedly  to  the  Carboniferous  period. 

This  table,  taken  from  Rogers,  is  modified  by  that  of  Professor 
Ramsay,  given  in  the  3d  edition  of  Siluria^  and  that  of  Dr.  Bigsby  in 
Q.  J.  G.  S.,  vol.  xiv.  The  rocks  seem  to  be  all  much  thicker  in  Penn- 
sylvania than  in  New  York. 

Feet 
J  12.  Catskill  group  or  Old  Red  Sandstone — 

(  red  shales  and  gray  and  red  sandstones   2000  to  4000 

11.  Chemung  group — gray,  blue,  and  olive 
coloured  shales,  and  gray  and  brown 
sandstones  .... 
10.  Portage  group— fine  grained  blue  flag- 
stones, with  blue  shale  partings 

9.  Genesee  slate — brownish  l>lack  and  bluish 
gray  slate        .... 

8.  Tully  limestone,  according  to  Bigsby 

7.  Hamilton  or  Moscow  shale — gray  shale 
with  dark  brown  sandstone 

6.  Marcellus  shale — black,  with  thin  argil- 
laceous limestone 


Upper 


Middle-^ 


1500  to  3200 

1700 

30  to  300 
10  to  20 

600 


Lower  < 


5.  Comiferous  limestone  —  light  gray  or 
straw  coloured,  with  chert  nodules 

4.  The  Onondaga  limestone  comes  in  here 
in  New  York,  according  to  Bigsby, 
from  .  .  .  . 

3.  Schoharrie  grit 

2.  Caudagalli  grit  argillaceo-calcareous  — 
thin  bedded  sandstone 

1.  Oriskany  sandstone 


150  to  300 


80  to  350 


10  to  40 
10 

50  to  300 
70  to  700 


It  appears  that  the  upper  division  contains  fish  of  the  genus 
Holoptychius,  plants  of  the  genera  Sigillaria  and  Lepidodendron,  and 
other  fossils,  from  which  I  should  at  once  refer  it  to  the  Carboniferous 


senei?. 


The  middle  group  contains  Trilobites  of  the  genera  Phacops, 
Proetus,  and  Homalonotus,  together  with  Dalmanites  (a  division  of 
Phacops),  Atrypa  reticularis,  and  other  fossils,  together  with,  as  stated, 
Old  Red  Sandstone  fish,  and  shells  of  the  genera  Goniatites  and  Pro- 
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ducta,  together  with  Halysites  catenularis,  and  other  Silniian  foims, 
such  as  Tentaculites. 

The  Oriskany  sandstone  contains  Orthis  ungniformis  and  other  foe- 
sils,  and  Spirifera  inacroptera  and  Pleurodictyum  prohlematicam.  (See 
also  Dr.  Bigsby's  paj>er  on  the  Palaeozoic  rocks  of  N.  America,  Q.  J.  G.  &, 
vol.  xiv.) 

Old  Red  Sandstone  fish,  of  the  genera  Asterolepis,  etc.,  occur  with 
the  marine  shells  (Siluriaj  p.  462). 

Sir  W.  I>)gan  assigns  a  thickness  of  7000  feet  to  the  Devonian 
rocks  of  Canada,  but  they  thin  away  to  nothing  to  the  southwards, 
as  on  the  Mississippi  the  Carboniferous  rocks  lie  directly  on  the 
Silurian  {ib.) 

Life  of  the  Period. 

While  the  tyijical  rock  groups  assigned  to  this  period  remain  in 
their  present  unsettled  state,  any  generalizations  as  to  the  life  of  the 
period  are  very  hazardous. 

The  fish  that  came  into  existence  before  the  close  of  the  Upper 
Silurian  Period  seem  to  have  died  out  soon  after  that  close,  and  were, 
after  a  long  but  imkno^Ti  inter\^al,  succeeded  by  numerous  other  forms  of 
fish  (those  mentioned  at  pp.  496  and  497).  Some  persons,  Mr.  Godwin 
Austen  especially,  have  suggested  that  these  were  fresh-water  forms : 
some  of  them,  however,  are  apparently  associated  with  marine  forms 
in  Russia  and  Americxi  (Silurian  p.  381,  etc.),  while  others  (Coccostens 
at  Kiltorcan,  for  instance)  occur  certainly  in  company  with  land  plants 
and  fresh-water  shells. 

There  is  no  proof  that  any  true  Reptiles  yet  existed,  as  the 
Teleq>et()n  and  Stagonolepis  of  Scotland  occur  in  sandstones  which 
cannot  be  certainly  affirmed  to  be  Old  Red  Sandstone,  and  appear  to  be 
isolated  patches  of  New  Red. 

In  the  limestones  of  Devon  and  the  Eifel,  and  the  rocks  immedi- 
ately below  them,  we  seem  certainly  to  have  Trilobites  of  Silurian 
genera,  Bronteus,  Phacops,  Proteus,  and  Homalonotus,  which  then  died 
out  and  became  extinct. 

Among  Brachiopod  shells  Spirifene  become  much  more  abundant, 
and  ProducUe  make  apparently  their  first  appearance,  while  Pen- 
tameri  become  extinct,  and  the  peculiar  forms  Calceola  and  Stringo- 
cephalus  both  commence  and  end  their  existence. 

The  curious  Conchifer  Megalodon,  and  still  more  singular  Zoophyte 
Pleurodictyum,  both  appear  in  these  rocks  and  in  no  others.  Among 
Cephalopoda  the  Goniatites  appears  now  to  have  come  into  existence,  to 
which  we  must  add  Clymenia,  if  the  rocks  containing  it  are  really  of 
the  Devonian  Period. 
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Among  the  CoraU  there  are  many  peculiar  speciee  if  we  are  to  take 
upon  trust  all  the  minute  eubdiyisions  and  Bpedea-making  of  Messrs. 
Milne-Edwards  and  Jules  Haime,  in  which,  however,  it  appears  that 
Mr.  Lonsdale,  an  older  and  perhaps  sounder  authority,  does  not  agree 
{Sduriay  p.  296,  note). 

Other  species  migihtTin  like  manner  be  mentioned  as  either  sunriving 
into  the  Devonian  period  or  through  it,  or  commencing  in  it  and  then 
either  restricted  to  it  or  surviving  into  the  next  period,  if  all  the  pub- 
lished lists  of  fossils  could  be  taken  as  trustwor^y,  which  they  unfor- 
tunately cannot 

In  the  better  marked  American  series  there  certainly  appears  to 
be  a  mingling  of  Silurian  and  Carboniferous  fonns,  together  with 
others  peculiar  to  this  part  of  the  series,  the  several  groups  having  each 
a  good  characteristic  assemblage  of  fossils. 

The  difficulties  met  with  in  the  detennination  of  fossil  species  are 
doubtless  veiy  great  from  natural  causes,  and  may  in  some  cases  be 
even  insurmountable  in  consequence  of  the  gradual  variation  and  pas* 
sage  of  one  species  into  another  in  the  lapse  of  ages,  according  to  G. 
Darwin's  viewa  But  this  only  increases  the  necessity  for  great  caution, 
and  for  putting  a  severe  restraint  on  the  tendency  to  multiply  generic 
and  specific  names.  One  of  the  greatest  benefits  to  geological  science 
to  be  derived  from  Mr.  Darwin's  philosophical  specidations  will  pro- 
bably be  this  union  of  many  varieties  under  one  specific  designation, 
and  the  recognition  of  the  variation  and  gradual  change  from  one 
species  to  another,  as  we  trace  the  fossils  through  a  series  of  beds. 

NoTK.— No  more  appropriate  place  perhapa  than  thia  wiU  occnr  for  a  renewal  (tf  a  pro- 
test against  the  proceedings  of  a  certain  class  of  palaontologists,  whose  sole  oliileot  in  life 
seems  to  be  the  making  of  new  species  and  genera.  KatuialTarieties,  orimperfisct^bfokai, 
or  distorted  specimens,  have  been  made  into  new  qpedes*  or  identifled  with  others  to  which 
they  do  not  belong,  to  such  an  extent,  as  often  to  utterly  perplex  the  field  geologist,  who 
looks  to  the  palieontologist  as  his  guide. 

Where  rocks  are  undisturbed  and  clear  sections  exist,  the  field  geologist  becomes  the 
lawgiver,  and  settles  the  order  of  the  rocks  himself.  The  paleontologist  leaina  this  order 
from  the  sections  of  the  geologist,  and  consequently  determines  the  order  of  his  fossil 
groups,  and  working  with  the  geologist,  the  typical  rocks  and  their  characteristic  fosaHs 
may  thus  be  grouped  and  arranged  as  authoritatiTC  rules  to  guide  the  labours  of  others  in 
other  districts. 

Owing,  however,  to  the  multiplicity,  and  the  variation,  in  the  names  of  the  fossils,  these 
rules  are  written  in  a  language,  or  ra^er  a  succession  of  languages,  which  the  lapse  of  a 
year  or  two  makes  obsolete  or  unintelligible,  and  owing  to  want  of  accuracy  In  determi- 
nation, statements  are  derived  from  these  rules  quite  at  variance  with  fhct,  and  leading 
the  geologist  who  trusts  to  them  into  blunders  whieh,  without  a  fUae  guidOk  he  voold  sever 
have  ooumiitted. 


CHAPTER   XXX. 

CARBONIFEROUS  PERIOD. 

The  peculiar  kind  of  rock  which  we  call  coal  is  not  strictlj  confined 
to  any  part  of  the  series  of  stratified  rocks,  but  occurs  here  and  there 
in  different  parts  of  it,  from  the  lowest  to  the  highest  Beds  of  good 
coal,  however,  are  much  more  abundant  in  one  particular  part  of  the 
series  than  in  any  other  part.  This  is  especially  the  case  in  Europe 
and  America,  The  group  of  rocks,  therefore  (or  formation),  in  which 
these  beds  of  coal  occur  is  called  the  Carboniferous  formation,  and  the 
period  of  time  during  which  that  formation  was  being  deposited  may 
hence  be  called  the  Carboniferous  jjeriod. 

TYPICAL  ROCK  GROUPS. 

Ireland. — In  no  European  country  is  the  lower  portion  of  the 
Carboniferous  formation  so  well  developed  and  so  clearly  seen  as  in 
Ireland. 

Carboniferous  Slate  and  Coomliola  Orits, — In  the  preceding  chapter 
mention  was  made  of  the  Old  Red  Sandstone  which  sets  in,  in  the 
counties  of  Kilkenny  and  Wexford,  as  a  very  thin  deposit,  but  swells 
rapidly  out  in  Waterford,  and  aaiuires  enormous  bulk  in  Cork  and 
Kerry. 

In  the  two  latter  counties  the  Old  Red  Sandstone  consists  of  a  vast 
series  of  green,  brown,  and  purple  gritstones,  interstratified  with  green 
and  purple  slates.  This  series  is  covered  quite  conformably,  as  may  be 
seen  in  the  country  roimd  Bantry  Bay.  and  thence  by  Skibbereen  to 
Kinsale  and  Cork  Harbour,  by  other  grits  and  slates,  which  difler  from 
those  below  chiefly  in  the  entire  absence  of  red  colour,  and  the  pre- 
dominance of  gray  passing  into  black.  This  upper  series  has  been 
called  by  Sir  R,  Griffith,  Carboniferous  slate.  In  Bantry  Bay  there  is 
not  much  change  in  the  appearance  of  the  sandstones  and  gritstones 
about  the  junction  of  the  Old  Red  Sandstone  and  Carboniferous  slate, 
so  that  the  boundary  between  them  can  only  be  at  first  determined  by 
noting  the  change  in  the  colour  of  the  slate  bands  that  lie  between 
the  grits. 
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Numeions  sectionB  might  be  drawn  in  many  parta  of  the  county 
Cork  to  shew  the  lelationB  of  these  rocks,  bat  the  one  in  fig.  113  is 
taken  in  a  part  of  the  district  frequently  yisited,  and  interesting  for  its 
picturesque  beauty  as  well  as  its  geolc^.  It  explains  the  lie  and  posi- 
tion of  the  beds  on  the  east  side  of  Qlengaiiff  Harbour,  in  Bantry  Bay. 


99trrm 


ttORTM 

Ccbdutff  ti 


AfdnsigfoAtl 


Fig.  lis. 

Section  about  2^  mfles  long,  ftom  8.  toN.  acronUnlifllioiitheautriitoof  GleigtifffH*r* 

boor,  tad  between  it  and  the  Olen  of  CoomlKdAi 

IfS.  Black  date  with  caleanoDi  baada,  ftall  of  foiaOa.  "^ 

&2.  Blaek  and  giay  alate,  with  flew  foaafla. 


61. 


a2. 


al. 


Gray  and  greenSab-giaj  grita,  with  intaiatratifled  black  and  giay 
alatea,  with  marine  aheOa  and  aome  planta  (Coomhola  grita)i 

Gray  and  greeniah-gray  grita,  interatratifled  with  green,  liver- 
coloared,  and  purple  elatea,  oontaining  ftagmenta  of  planta, 
the  beds  getting  redder  below,  and  planta  diaappeaiing. 
Comstones  occaaionally. 

Green  and  purple  maaaiTo  grita  (GlengarifT  grttaX  and  thin  banda 
of  purple  alate.    Comatones  occaaionally. 


I  Carboniferooa 
I        filate. 


Old  Red 
Sandatone. 


About  Glengariff  and  about  Bear  Island,  and  thence  to  Dursey 
Island,  and  also  along  the  south  side  of  Kenmare  Bay,  from  Kilmacalloge 
to  Kilcatherine,  these  beds  are  admirably  shewn.  The  groups  called 
b*  and  I*  in  section  113  cannot  be  less  than  8000  feet,  a^  the  group 
called  b^  (the  Coomhola  grit  group)  must  be  at  least  3000  feet  thick, 
so  that  we  may  state  the  Carboniferous  slate  of  county  Cork  to  have 
a  maximum  thickness  of  at  least  6000  feet 

Characteristic  FoasiU. — ^The  calcareous  bands  called  5*  have  numer- 
ous fossils,  among  which  are  the  following  : — 

Actinozaa, 
Petraia  pleuriradialis        .         PhiL  "Pel.  foss.,  t  12. 


Fenestrella  antiqua 
plebeia 


Poltfzoa. 

PhiL  Pal.  foss.,  t  12. 


Athyris  Roissyi  (1) 

squamosa 

Orthis  crenistria 


Brachiopoda. 

WCojf  Carb.  foss.,  1 21,  fig.  6. 
♦PhiLG.  Y.,t  10,  fig.  21. 
Phil.  G,  Y.,  t  9,  fig.  6. 

FhOlipa'a  Geology  of  Torkahire. 
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Orthis  Micheliiii  , 

rempinaU 

Producla  Bubricala 
BhjDchraiella  pleoiodoii 


niii.o.T^t.11,^13. 

Ibid,  iiitL,Bg.  1. 

Foai.  gr.  14,  b. 


i^    Q^ 


D,  SplrUcn  cniptdlU, 

h.  tUiysctaanelti  pleanxlon. 

r.  Avicula  DunnDDltnain. 

Spirifera  caRpidata 

(linjuncU  (Vemeuillii) 

lineata    . 

imbricata 

Btriatu 

Stro])liomena  crenietm. 


lu  BUU  Foulli. 
d.  Modioli  VActimL 
I.  Cucnllsm  Hudlsgil. 


Foss.  gr.  1 4,  a. 
Phil.  PaLfoBS.,  1 29  and  3U. 
PhiLG.Y.,  t.  10,  fig.  17. 
Ibid.  ibid.,  fig.  20. 

Fos8,gT,  16,  r. 


Avicula  Damnoniengis, 
Modiola  M'Adami, 
Nucula,  ipeciet. 


Fose.  gr.  14,  c. 
Foss.  gr.  14,  d. 
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M^Cojr,  Oaxb.  f on. 
Fo88.ygr.  18. 
PhiLG.Y. 
nicL 

T088.  gr.  18,  a. 


Actinocimiu  ....        FbiL  O.  Y. 
AichadocidaiiB  (plates  of)  . 
Platyeiiniu     .... 
Poteriocrmiifl  .... 
Bhodoerinus    . 

Fhillipsia  postolosa  . 

Cypridina  senato-staiata,  locally  in  great  abundance. 

In  the  group  %\  or  the  Ooomhola  grit  part  of  the  Ckrboniferoiis 
slate,  the  following  fossils  have  been  foimd : — 

Plant*. — Stems  of  **  Knonia"  (probably  portions  of  Qydostigma) 
and  other  plants  identical  with  those  in  the  Old  Bed  Sand- 
stone below. 

BraekMpoeUL 

Almost  all  those  mentioned  above,  the  Bhynchonella  pleurodon,  and 
Spirifera  cospidata  and  disjuneta,  most  abundantly,  with  the  addition 
of  a  laige  Lingula. 

Conehifera. 


Foss.  gr.  14,  e, 
M'Coy,  Garb.  foss. 
Foes.  gr.  14,  e, 
FhiL  PaL  foss.,  t  19. 
Foss.  gr.  14,/. 
M'Coy,  Carb.  foss.,  til. 
Ihtdf  t  10. 

Foss.  gr.  14,  d 


Avicula  Damnoniensis 
Aviculopecten  species 
CucallfiBa  Hardingii 

trapezium  . 

Curtonotua  el^;an8 
Dolabra  securiformis 
Sanguinolites  plicatus 
Modiola  M^Adami  . 
Myalina  species. 
Mjtilus  species. 
Kucula,  lar^e  species. 

Fteropoda  w  Heteropoda. 

Bellerophon  striatus         .         .         PhiL  PaL  foss.,  t  40. 

,  rounded  species^  sharply  keeled  species, 
and  trUohed  species. 

Cephalopoda, 

Orthoceras,  species, 

(See  Notes  On  Classification  of  Dev.  and  Car.  Rocks  of  8.  of  Ireland^ 
by  J.  W.  Salter  and  J.  R  J.  Jottmal  Dud.  Oeol.  Soe.^  vol  vii.  ; 
and  Explan.  of  Sheets  197  and  19S  of  O.  S.  /.,  and  forthcoming 
Ejpplan.  of  Sheets  192  G.  S.  I.) 
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This  Coomhola  grit  seiies  is  deariy  identical  with  the  Marwood 
Sandstone  group  of  Devonshire  (^&.)i  ^^t  in  the  south  of  IieUmd  its 
relation  to  a  vast  thickness  of  Old  Red  Sandstone  below  it,  places  it, 
in  accordance  with  the  palseontological  evidence,  as  deaily  in  the  CSsr- 
boniferous  group,  and  forming  the  base  of  the  great  Carbonifeioiis  series. 

It  is  remarkable  that  the  boundary  between  it  and  the  Old  Bed 
Sandstone  below,  as  drawn  from  lithological  characters  and  chiefly  the 
mere  colours  of  the  rock^  is  in  harmony  with  the  palfioontological 
character  of  the  occurrence  of  marine  BhelU,  No  undoubtedly  marine 
remains  are  to  be  found  in  the  red  rocks,  but  as  soon  as  the  red  tints 
tlisappear,  we  get  Brachiopoda  and  Conchifera  of  marine  chaiacteis. 

If  the  Coomhola  grits  be  classed  with  the  CarboniferonB  series,  the 
so-called  Upper  Devonian  of  Devonshire  and  the  Rhine  (the  Marwood 
sandstones  and  the  Spirifeia  Yemeuillii  schists,  etc)  must  also  be  called 
Carboniferous. 

There  is,  however,  something  veiy  noteworthy  in  the  mode  of  occur- 
rence of  the  Carboniferous  slat^fmcluding  the  Coomhola  grits)  in  the 
south-west  of  Ireland,  which  may,  perhaps,  eventually  turn  out  to 
be  in  harmony  with  a  classification  which  should  make  them  a 
distinct  sub-group  in  combination  with  the  upper  part  of  the  Old  Bed 
Sandstone. 

If  we  draw  a  parallel  of  latitude  through  the  towns  of  Kenniare, 
Macroom,  and  Cork,  the  great  development  of  Carboniferous  slate  lies 
wholly  south  of  that  line.  If  we  examine  the  neighbourhood  of  the 
city  of  Cork  itself,  we  find  the  Old  Red  Sandstone  with  plants'  in  its 
upper  beds,  and  a  very  short  distance  above  that  we  get  solid  Carboni- 
ferous limestone,  with  some  block  shales  or  slates  between  the  two,  but 
not  more  than  200  or  300  feet  in  thickness.  Passing  southwards  to 
the  mouth  of  the  harbour  by  Monkstown  or  Queenstown,  and  then  by 
Carrigaline .  and  Coolmore,  these  intenuediate  black  slates  or  shales 
thicken  to  2000  or  3000  feet,  still  having  the  Old  Red  below  and  the 
Carboniferous  limestone  above  ;  but  going  still  further  south  by  Binga- 
bella  to  Einsale,  the  dark  gray  slates  and  gray  grits  thicken  rapidly  to 
6000  or  6000  feet,  and  are  nowhere  covered  by  any  jwirt  of  the  Car- 
boniferous limestone,  though  they  shew  here  and  there  highly  calcare- 
ous bands. 

The  whole  of  the  rocks  are  thrown  into  numerous  anticlinal  and 
synclinal  curves,  over  many  interrupted  axes  which  strike  very  steadily 
from  KNJE.  to  W.aW. ;  and  the  headlands  and  bays  along  the  south  coast 
of  Cork  exhibit  numerous  transverse  sections  across  the  beds,  so  that 
no  mistake  can  be  made  respecting  the  facts. 

On  tracing  the  beds  round  into  Bantiy  Bay,  across  the  anticlinal 
ridges  of  Old  Red  Sandstone  that  form  Cape  Clear,  the  Mizen  Hea<l,  and 
Sheep's  Head,  we  find  the  uppermost  beds  at  the  head  of  Bantiy  Bay 
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becoming  actual  limeBtone,  as  if  the  GarboniferauB  limestone  had  only 
just  been  temoyed  from  them.  Following  them  again  over  the  anti- 
clinal ridge  that  ends  in  Dursey  Island  into  Kenmare  Bay,  we  again 
find  the  Carbonifeious  slate  in  the  hollow  of  the  synclinal^*  as  far  aa 
Sneem  and  Clonee.  Beyond  these  points,  however,  the  Old  Red  Sand- 
stone beds,  which  dip  beneath  the  waters  of  the  bay  from  each  side, 
seem  to  dose  more  together,  and  exclude  the  Carboniferoos  slate,  and 
when  the  head  of  the  bay  is  reached,  the  flat  land  is  composed  of  solid 
limestone,  with  a  thickness  of  not  more  than  100  feet  of  black  shales 
and  grits  between  the  base  of  the  Carboniferous  limestone  and  the  top 
of  the  Old  Red  Sandstone. 

The  section  then  is  like  that  shewn  in  fig.  Ill,  where  the  Lower 
Limestone  shale  y,  just  100  feet  thick,  is  intexposed  between  the  top 
of  the  Old  Red  Sandstone/,  and  the  Carboniferous  limestone  A. 

Kenmare  is  not  more  than  ten  miles  from  GlengarifT,  in  a  direct 
line,  so  that  within  that  distance  the  rocks  next  above  the  top  of  the 
Old  Red  Sandstone  vary,  as  is  shewn  in  the  two  sections,  figs.  Ill  and 
113,  and  that  without  any  appearance  of  discordance  or  inteixuption, 
but  apparently  by  the  gradual  intercalation  towards  the  south  of  a 
serieH  of  beds  5000  feet  thick,  which  are  entirely  wanting  over  all  tlie 
country  to  the  northward. 

The  little  group  of  calcareous  bands,  called  5*  in  section  fig.  113, 
resembles  the  small  group  of  shales  that  occur  beneath  the  limestone 
at  Kenmare,  and  the  two  sets  of  beds  are  probably  the  same,  and  form 
the  Lower  Limestone  shale  presently  to  be  described — ^the  Carboniferous 
«late  and  Coomhola  grits  coming  in  below  as  a  distinct  sub-group 
between  the  Lower  Limestone  shale  and  the  Old  Red  Sandstone. 

Carhoniferou*  Limettone  and  Coal-meaiures. — If,  after  examining  the 
Carboniferous  slate,  we  proceed  northwards  through  Ireland,  surveying 
the  Carboniferous  rocks  right  and  left  as  we  proceed,  we  shall  find  that 
they  consist  at  first  of  two  groups  only — ^viz.,  the  Carboniferous  lime- 
stone below,  and  the  Coal-measures  above. 

The  Carboniferous  Limestone  has  a  total  maximum  thickness  of 
about  3000  feet,  varying,  however,  in  difierent  places,  especially 
where  it  rests  unoonformably  upon  an  irregular  surfiace  of  lower  rocks. 

Lotcer  Limestone  Shale. — ^Where  its  base  is  fully  developed,  it  is 
always  found  to  consist  of  beds  of  black  shale,  which  we  may  call  the 
Lower  Limestone  shale^  generally  about  160  feet  thick,  sometimes,  per- 
liaps,  not  more  than  20,  sometimes  as  much  as  300.     This,  in  the 

*  Tlie  headlands  of  the  sonth-wett  of  Ireland,  Arom  Kerry  Head  to  Gape  Clear,  are  aU 
formed  of  anticlinal  rldgea  of  Old  Red  Bandatone,  while  the  indentationa  of  Tralec  Bay,  Dingle 
Bay,  and  Kenmare,  Bantr)-,  Dunmanna,  and  Boarlng  Water  Baya,  have  all  been  worn  in  the 
more  easily  deatructible  Carboniferona  rocka  which  lie  in  the  aynclinal  troughs  between  the 
anticlinals. 
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absence  of  the  CarboDifeiotu  skte,  resU  diiectlj  on  tLe  Old  Bed  Saiid- 
Btone,  and  Deems  even  to  giadaate  into  it,  the  dari^  ahales  altematiiig 
nith  l^ecLi  of  yellow  sandstone  below,  and  with  thin  eounes  of  limestone 
above. 

In  Kuch  places  there  seems  to  be  a  perfect  blending  and  continiiitj 
between  the  Old  Red  Sandstone  and  the  CarboniferonB  limestone,  the 
Lower  Limestone  hhale  forming  what  would  be  called  the  passage  beds 
notwithittanding  which  there  is  a  gap  which  ia  elsewhere  filled  by  a 
de]ioHit  of  at  lea><t  50U0  feet  thick  between  the  twa 

Tlie  Ixiwer  Limestone  shale  has  generally  a  peculiar  assemblage  of 
fossilH,  foniied  of  a  few  species  that  range  through  the  limestone,  but 
are  nowhere  found  in  such  especial  abundance  as  in  this  lower  part  of 
it,  fnmi  which  other  sjiecies  elsewhere  abimdant  are  absent. 

Thf;se  are  tht;  sjKfcies  mentioned  at  pp.  507  and  508  as  characteris- 
tic of  the  group  b\ 

T/u;  Carboniferous  Linustone  of  the  south  of  Ireland  is  perhaps  one 
of  the  largest  aggregates  of  1>eds  of  limestone  to  be  seen  anywhere  in 
the  world,  llie  most  usual  character  \r  a  gray  fine-grained  or  com- 
pact liiiieHtrtne,  sometimes  dark,  sometimes  light,  sometimes  mottled, 
with  occuKional  red  streaks  and  bands  in  some  of  the  beds.  In  some 
places  it  crmtains  })eds  of  lilack  shale,  and  becomes  earthy  in  its  middle 
jK^rtion,  and  Hoiiietimes  the  whole  of  it  except  the  lower  part  puts  on 
thiM  slialy  and  earthy  character.  This  middle  earthy  and  shaly  part 
lias  b(;en  called  Calp,  from  a  local  term  signifying  '^  black  shale." 

Black  chert  is  often  developed  in  the  limestone,  rows  of  nodules  and 
seams  (;f  it  ap]>earing  in  great  abimdance,  sometimes  in  one  part  and 
sometimes  in  another. 

The  Oarlxmiferous  limestone  of  south  Ireland  usuaUy  forms  low 
gcintly  undulating  ground,  and  its  beds  are  seen  only  in  short  sections, 
or  in  Haittered  ciuarries.  Tliis  induced  me  for  some  time  to  doubt 
whether  the  real  thickness  was  so  great  as  appeared  from  these  isolated 
indications,  until  in  the  course  of  the  geological  survey  we  had  examined 
the  hills  of  Burren  in  County  Clare,  on  the  one  side,  and  those  of 
Que(*n*H  County,  on  the  other. 

In  BuiTcn  especially,  the  upper  part  of  the  limestone  is  magnifi- 
cently exjKised.  A  range  of  hills,  rather  more  than  1000  feet  in 
height,  sweeps  for  about  20  miles  along  the  south  side  of  Galway  Bay. 
Tliey  are  formed  entirely  of  bare  rock  from  the  sea  level  to  the  hill 
toi)s,  the  only  soil  being  found  in  crevices  of  the  rock,  or  in  patches  in 
the  hollows  of  the  valleys.  Tliis  rock  is  all  limestone,  in  regular  beds, 
which  dij)  gently  to  the  south,  at  an  angle  of  l4°  only,*  and  counting 

'  Mr.  F.  J.  Foiit,  who  RunreycU  this  district,  and  luyself,  were  enabled  to  determine  the 
dip  of  Itiu  buds  with  the  nioit  perfect  accuracy,  by  means  of  the  heists  given  on  the  six- 
Inch  urdiinncu  maps.    In  two  or  three  places  we  could  walk  on  the  topmovt  bed  of  Umeatone 
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from  the  lowest  bed  that  rises  out  on  the  sea-shore^  to  the  uppermost, 
which  caps  the  summit  of  the  hills  three  or  four  miles  to  the  south- 
ward, there  must  be  a  thickness  of  at  least  1600  or  1700  feet  of  solid 
limestone  shewn  here.  The  beds  can  be  perfectly  traced  round  the 
promontories  of  the  hills,  and  up  the  recesses  of  the  valleysy  through  a 
winding  line,  the  extremities  of  which  are  full  20  miles  apart,  and 
throughout  that  distance  Mr.  Foot  informs  me  that  there  is  not  a  trace 
of  a  fault  or  disturbance,  or  even  an  undulation  in  the  beds.  Terraces 
of  20  yards  in  breadth  have  been  worn  here  and  there  on  the  top  of 
some  particular  bed,  and  may  be  walked  along  for  many  miles  round 
the  sides  of  the  hills  and  valleys,  which  resemble  great  stairs,  or  vast 
amphitheatres.  They  are  not,  however,  very  easy  to  traverse,  since  the 
rocks  are  so  cut  by  several  systems  of  joints,  and  those  joints  are  so 
worn  and  opened  by  the  action  of  the  weather,  that  each  exposed  bed 
is  cut  into  blocks  by  deep  fissures,  and  the  uppermost  blocks  are  often 
loose  and  tottering,  and  worn  into  rough  knobs  and  holes  by  the 
mechanical  and  chemical  action  of  the  weather.*  Throughout  the 
thickness  of  1600  feet,  but  one  band  of  chert  nodules  is  to  be  seen, 
and  not  a  single  inch  of  shale  or  any  other  rock  but  gray  limestone, 
every  bed  of  which  seems  to  be  composed  mainly  of  the  minutely 
broken  fragments  of  the  joints  of  encrinites. 

The  upper  part  of  Uie  limestone  thus  admirably  exposed  in  this 
hill  country,  forms  probably  about  half  the  whole  formation,  the  lower 
portion  spreading  to  the  east  over  a  low  country,  from  beneath  which 
the  Old  Red  Sandstone  rises  gently  out  on  to  the  hills  called  Slieve 
Boughta. 

In  some  other  districts,  as  for  instance  in  limerick  and  the  south  of 
Clare,  Mr.  Kinahan  and  Mr.  Foot  could  have  divided  the  Carboniferous 
limestone  into  three  or  four  subordinate  groups  by  lithological  cha- 
racters, which  were  constant  for  many  miles,  and  in  the  neighbourhood 
of  Dublin  Mr.  Du  Noyer  and  I  have  divided  it  into  two,  an  upper  and  a 
lower  limestone.  None  of  these  subdivisions,  however,  have  any  more 
than  a  local  character,  and  none  of  them  are  supported  by  palaeontological 

with  a  little  cliflT  of  coal-measore  shale  elofle  to  us  resting  on  that  bed,  for  distances  of  half 
or  three-quarters  of  a  mile  down  the  gentle  slope  of  the  dip,  from  the  spot  where  one  alti- 
tude was  given  to  that  where  another  appealed  on  the  map— the  difference  of  the  alti- 
tudes, of  course,  giving  ns  the  fall  in  the  distance  traversed.  This  was  always  1  in  41, 
which  is  almost  exactly  1^*. 

*  The  picturesque  atmospheric  effects  of  sunshine  and  clond  upon  these  hills  of  pale  gray 
stone,  with  their  sculptured  tops  and  terraced  sides,  and  their  deeply-winding  valleys,  along 
which  the  slightly -inclined  lines  of  stratification  recede  to  the  vanishing  point,  are  often  most 
peculiar,  and  such  as  I  never  saw  in  any  other  part  of  the  world,  while  the  setting  snn 
converts  the  pale  gray  into  exquisite  tints  of  violet  and  rose  colour.  The  detached  outlying 
hills  often  resemble,  at  a  distance,  vast  fortresses  with  long  sloping  stone  glacis,  from  which 
numerous  curtaiu-walls  rise  at  intervals,  one  above  another,  tiU  they  terminate  in  a  small 
citadel  at  the  top. 
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characters  depending  on  time,  but  only  by  much  as  depend  on  tihe  nature 
of  the  place  of  deposit 

Coal-measiires. — Over  all  the  south  of  Ireland  the  GaibonifiBions 
limestone  is  succeeded  by  a  series  of  black  shales  and  gray  gritstoiiM  or 
flagstones,  containing  in  their  upper  portion  thin  beds  of  oodU-<See 
section,  fig.  1 1 4.) 

These  Coal-measures  may  be  subdivided,  as  they  are  in  this  aectioD, 
into  three  sub-groups. 


H;«r 


AJBSOjf^ 


S£ 


EARLt  MILL 

coLuanr 


Fig.  114. 

Section  of  the  SlievanlAgh  Coalfield,  County  Tlpperary. 

Lengtli  of  section,  about  1^  mile. 

hS  Black  shales  and  gray  grits  containing  nine  small  beds  of  coal 

ftS  Flagstone  series  (gray  sandy  flags  with  black  abalet) 

h\  Black  shales,  with  occasional  bands  of  thin  grit      .       .       .       . 


a  (Carboniferous  Ihnestone. 


F66C» 

1300 
TOO 
800 

S800 


These  sub-groups  are  recognisable  throughout  the  counties  of  Coric, 
Limerick,  and  Clare,  Tipperary,  Queen's  County,  Carlow,  and  Dublin, 
wherever  a  sufiicient  thiclmess  of  the  Coal-measure  group  comes  over  the 
limestone.  The  lower  one,  6^,  has  a  very  distinct  assemblage  of  fossils, 
which  always  occur  in  it,  and  sometimes  in  the  greatest  profusion,  and 
in  the  most  excellent  state  of  preservation.  These  fossils  are  the  fol- 
lowing : — 

Aviculopecten  papyraceus      .         .         Koninck,  t  5. 


variabilis 


Lunulacardium  Footii  . 
Posidonomya  Becheri    . 

membranacea 

Goniatites  sphsDricus     . 
Orthoceras  scalare 
Steinhaueri 


M*Coy,  Carb.  foss. 

Expl.  142,  O.  a  J. 

FhiL  Pal.  foss.,  t  20. 

M*Coy,  Carb.  foss.,  t  13. 

PhiLG.  y.,  t  19. 

Goldfdss. 

Phil.  G.  y,  t  21. 


Tlie  flagstone  series,  &*,  is  equally  characterized  by  trackSN>f  marine 
animals  (molluiH^a  or  annelida),  sometimes  of  the  most  remarkable  oha- 
racter,  the  whole  surface  of  Isurge  slabs  being  a  matted  network  of  long 
tortuous  impressions,  indentations  on  the  upper  suiiace,  and  ridges  or 
casts  of  indentations,  on  the  lower  surfaces  of  the  flagstones.  (See  Mr. 
Baily*s  Palsaontological  Notes  in  the  Explanation  of  sheets  102  uid  112, 
and  141  and  142  of  G.  S.  L) 
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If  we  tabulate  the  groups  of  the  Carbonifeious  formatioii  as  it  exists 
in  the  south  of  Ireland,  and  give  each  group  its  niaxiTnum  thickness, 
we  shall  have  the  following  series  :-r- 

Feet 
1800 


3.  Coal-measures. 


I 


c.  Shales,  etc.,  with  coal 
b.  Flagstone  series   . 
a.  Lower  shales 


500 
800 


3100 


2.  Carboniferous 
Limestone. 

1.  Carboniferous 
Skte. 


b.  Subdivisions  varying  in  different 

parts      ....         2800 
a.  Lower  limestone  shale  .  200 


{b.  Black  s 
a.  Do.,  wi 


slate 
with  Coomhola  grit 


2000 
3000 


Yellow  sandstone,  or  Upper  Old  Red  Sandstone,  800  or 


3000 


6000 
900 

12,000 


North  of  Ireland. — In  the  north  of  Ireland,  according  to  the  map  of 

Sir  R.  Griffith,  the  Carboniferous  formation  is  capable  of  still  further 

sub-division,  and  consists  of  the  following  groups  : — 

Feet. 
2000 


2500 


2.  Coal-measures.   ■< 

1      \^\J%llt».-XX»,\^fH3%AJ.%^<a 

[  Millstone  grit 

•  • 

•  • 

500 

'  Upper  limestone 

•                   • 

500 

Upper  calp  shale 

■                   • 

500 

1.  Carboniferous     , 
Limestone. 

Calp  sandstone 

•                   ■ 

300 

Lower  calp  shale 

•                   • 

500 

Lower  limestone 

•                   • 

800 

Lower  limestone  si 

to 

lale 

•                  • 

100 

Yellow  sandstone 

•                   • 

2700 
500 

5700 


Tlie  principal  differences  between  the  north  and  south  are  in  the 
development  of  thick  sandstones  in  the  lower  part  of  the  Coal-measures 
in  the  north,  forming  a  group  like  the  Millstone  grit  of  Derbyshire,  and 
the  separation  of  the  Carboniferous  limestone  by  the  development  of  a  set 
(jf  shales  and  sandstones  called  "  the  Calp"  in  its  central  portion,  and  the 
entire  absence  of  the  Carboniferous  slate  group.  The  coals  also  in  the 
upper  part  of  the  Coal-measures  are  good  coals,  of  the  character  called 
bituminous,  while  those  of  the  south  of  Ireland  are  more  anthracitic 
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The  Caiboniferonfl  series,  as  thus  described,  may  be  Men  in  die 
counties  of  Leitrim,  Fennanagh,  and  Annag^ 

Great  Britain. — ^In  examining  the  OaiboiiiferoiiiB  series  of  Gfeit 
Britain,  the  simplest  waj  will  be  to  oommenoe  on  the  eondi,  as  in 
Ireland. 

Devon  and  CcmwalL — ^In  this  district  we  have  a  certain  resem- 
blance to  the  county  Cork.  It  is  probable  that  a  laige  part  i£  ths 
slates  called  killas  are  of  the  age  of  the  Old  Bed  Sandstone.  Thef 
are  coloured  in  all  late  geologic^  maps  {ex,  gr,^  those  of  Greenhoq^ 
Murchison,  and  Ramsay)  with  the  Old  Red  Sandstone  colour.  Some  of 
them,  however,  indnding  the  Marwood  sandstones,  are  certainly  c^  the 
same  age  as  the  Carboniferous  slate  of  Cork.  Over  these  come  a  sedeB 
of  slates  containing  Carboniferous  plants  and  beds  of  Culm,  with  a  band 
of  limestone  here  and  there  in  their  lower  part  This  limestone  can- 
tains  Posidonomya  and  other  fossils,  from  which  it  has  been  paiallded 
with  the  great  Oarboniferous  limestone,  and  over  it  are  beds  of  sand- 
stone supposed  to  represent  the  Millstone  grit  Possibly  the  Calm- 
measures  of  Devon  may  hereafter  turn  out  to  be  the  representative  of 
the  lower  Coal-measures  only,  resting,  perhaps  unconformably,  on  the 
Carboniferous  slate  rocks. 

SotUh  Wales, — ^The  section  given  in  fig.  Ill,  and  the  one  which 
follows  (fig.  116),  wlU  explain  the  structure  of  the  great  South  Wdsk 
coal-field,  and  the  neighbouring  ones  of  the  Forest  of  Dean  and 
BristoL 

soois 


MVmiTM 


.0" 


•      • 
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Fig.  115. 
DUgFammatic  section  across  the  northern  edge  of  the  ooal-Aeld  of  S.  Waku 

This  is  dedaced  (omitting  the  fleznres  of  the  beds  and  other  detaUs)  ftom  ■heat  8  of  fhs 
horixontal  sections  of  the  Geological  Survey,  drawn  across  the  centre  of  the  Held  betvem 
Swansea  and  Llandeilo  tawr,  liy  Sir  W.  Logan. 

(i  Coal-measures,  with  60  beds  of  coal  varying  ttom  0  inches  to  0  flset 

e.  Farewell  rock  (Millstone  grit) 

6.  Carboniferous  limestone 

a.  Old  Red  Sandstone. 

In  fig.  116  no  notice  is  taken  of  the  shaly  base  of  the  CaiixmiliBraas 
limestone,  which  nevertheless  exists  as  drawn  by  Professor  FhUHpa  in 
section  fig.  Ill,  and  is  a  constant  member  of  the  series  thion^MNifc 
the  district,  as  it  is  over  the  south  of  Ireland.  (See  also  aectioiis  In 
MetM,  OeoL  Surve^y  vol.  L) 

The  general  description  of  the  formation  in  this  distriet  maybe 
given  as  follows,  assigning  the  maximum  thicknese  to  each  group  >— 
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Feet. 
4.  Coal-measures  .  .  .         7000  to  12,000 

3.  Millstone  grit,  or  Farewell  rock  .  1,000 

2.  Carbonifeious  limestone       .  600  to     1,500 

1.  Lower  limestone  shale  .  .  .  200 

Old  Red  Sandstone. 

1.  The  Lower  Limestone  shale  consists  of  dark  earthy  shales, 
occasionally  interstratified  with  yellowish  sandstones  below,  and  always 
with  thin  flaggy  limestones  in  its  upper  part  It  seems,  therefore,  to 
graduate  downwards  into  the  top  of  the  Old  Red  Sandstone,  as  well  as 
upwards  into  the  Carboniferous  limestone.  According  to  Mr.  Salter,  it 
contains  precisely  the  same  fossils  as  are  found  in  it  in  Ireland. 

2.  Carboniferous  limestone. — A  series  of  compact  limestones,  thick 
and  thin  bedded,  of  various  shades  of  gray  and  red,  sometimes,  as 
near  Bristol,  interstratified  with  brown,  gray,  and  red  shales  below,  and 
with  shales  and  sandstones  (often  red)  in  the  upper  portion.  Thickness 
600  to  1600  feet 

3.  Millstone  grit  or  Farewell  rock. — A  series  of  sandstones,  hard, 
quartzose,  white  or  gray,  and  near  Bristol  red.  Maximum  thickness 
about  1000  feet 

4.  Coal-measures. — ^An  enormous  series  of  alternations  of  many 
hundred  beds  of  shales,  sandstones,  and  coals,  the  latter  varying  from 
one  inch  to  seven  or  eight  feet  in  thickness,  twenty-five  of  them  being 
more  than  two  feet.  The  total  thickness  of  the  whole  group  is  not 
less  than  7000  feet,  and  is  believed  in  some  places  to  be  even  as  much 
as  12,000  feet     {Mems,  Geol  Survey,  vol.  L,  p.  202). 

Near  Bristol  the  Coal-measures  are  thinner,  and  are  divisible  into 
three  sub-groups,  having  a  central  band  of  hard  sandstones  called 
Pennant 

Feet 
c.  Upper  Coal-measures,  with  10  coals      .  .  1800 

b.  Pennant  series,  with  6  coals      .  1726 

a.  Lower  Coal-measures,  with  36  coals     .  1666 


Total  Coal-measure  series  .  6090 


This  central  band  of  sandstones  is  traceable  also  in  South  Wales, 
by  means  of  a  hard  quartzose  sandstone  called  Cockshoot  rock. 

The  structure  of  the  lower  groups  is  also  peculiar  ;  a  section  of 
them  is  given  in  great  detail  from  the  measurements  of  Mr.  D.  Williams, 
in  the  first  volume  of  "Memoirs  of  the  Geological  Survey.**  If  we 
take  the  first  ten  divisions  of  that  section  for  Millstone  grit,  and  put 
the  others  into  groups  with  Irish  designations,  they  would  be  as 
follows  : — 


518  CABB0NIFEB0U8  PEBIOD. 

NoH.  Ft  IB. 

1  to    10.  Millstone  grit  (partly  red  sandstone)         .  976  9 
11  to  169.  Upper  limestone  (the  first  370  feet  con- 
taining many  red  sandstones  intexBtrati- 
fied  with  the  limestones)           .             .  676  0 
170  to  296.  Calp  (black  and  brown  argillaceous  lime- 
stones and  shales)         .             .             .  477  0 
297  to  374.  Lower  limestone               .             .             .  766  4 
375  to  489.  Lower  limestone  shale  (Carboniferous  slate)  411  0 
490  to  540.  Yellow  sandstone  series   .                           .  S93  10 
541  to  587.  Old  Red  Sandstone           .             .             .  474  7 


3974     6 


In  the  FortBt  of  Dean  coal-field,  the  thidCnesses  given  abore  «n 
diminished  to  about  one-third,  or 


Coal-measures,  with  31  coals        .             .  2400 

Millstone  grit       ....  466 

Carboniferous  limestone   .             .             .  480 

Lower  limestone  shale      .             .             .  166 
— {Mems,  GeoL  Survey ^  vol.  L,  pp.  129,  203,  206). 

Midland  Counties, — In  the  centre  of ,  England  we  get  the  eoal-fidda 
of  Leicestershire,  Warwickshire,  South  Staffordshire,  and  Coalbrokftdriift, 
and  other  smaller  ones  near  Shrewsbury,  which  differ  from  thoae  both 
north  and  south  of  them  in  being  defective  at  their  base.  Tbej  con- 
sist principally  of  Coal-measures  only,  resting  on  Cambrian  or  fi^nziaa 
rocks,  without  the  intervention  of  any  Old  Red  Sandstone  or  Carboni- 
ferous limestone. 

Carboniferous  limestone  sets  in  again  at  the  Northern  sides  of  tlie 
Leicestershire  and  Coalbrokedale  coal-fields,  and  the  Old  Red  Sandstone 
sets  in  to  the  south  of  the  latter,  and  underiiee  the  coal-field  of  the 
Forest  of  Wyre,  letting  in  a  thin  portion  of  Carboniferoos  limertone 
about  the  small  coal-field  of  the  Brown  Clee  Hill ;  but  the  Coal- 
measures  overlap  these  as  they  die  out  from  the  north  and  the  wnlih 
resx)ectively,  and  repose  indiscriminately  on  any  lower  rocks  there 
may  be. 

It  seems  as  if  a  narrow  rocky  island  or  chain  of  islands  had 
stretched  east  and  west  across  the  centre  of  what  is  now  Tfagland 
during  the  early  part  of  the  Carboniferous  period,  so  that  while  tiie 
Carboniferous  limestone  was  being  formed  in  the  seas  to  the  north  and 
south,  it  died  out  as  it  approached  this  ridge  of  dry  land. 

At  the  still  earlier  period  of  the  deposition  of  the  Old  Bed  Sand- 
stone, this  barrier  seems  to  have  been  wider  and  more  peisislenty  and 
to  have  extended  through  what  is  now  Ireland,  since  the  Old  Red 
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Sandstone  dies  away  as  we  proceed  from  the  south  to  the  centre  of  both 
countries,  and  does  not  again  appear  except  as  detached  patches,  until 
we  reach  the  centre  of  Scotland. 

During  the  latter  part  of  the  Carboniferous  period,  however,  the 
barrier  was  depressed,  and  the  water  in  which  the  Coal-measures  were 
deposited,  extended  over  it,  so  that  this  upper  part  of  the  formation  was 
ppread  continuously  across  from  the  regions  of  the  south  to  those  of 
the  north  (See  a^Ue,  p.  304). 

The  North  of  England  and  Wales. — ^To  the  north  of  the  district  just 
mentioned,  the  Carboniferous  formation  is  magnificently  developed. 

In  North  Wales  and  Cumberland,  the  base  of  the  series  may  be 
seen  resting  chiefly  on  Upper  and  Lower  Silurian  rocks,  with  scraps 
and  patches  of  Old  Red  Sandstone  appearing  here  and  there  in  the 
hollows  of  those  rocks  below  the  limestone. 

The  Carboniferous  limestone  is  generally  about  1000  feet  in  thick- 
ness or  sometimes  1 500,  chiefly  pure  compact  limestone,  but  taking  in 
here  and  there  beds  of  black  shale.  It  is  covered  by  beds  of  shale,  with 
thick  beds  of  sandstone  graduating  up  into  a  series  of  sandstones  and 
shales,  containing  beds  of  coal.  These  form  the  groups  known  as  the 
Millstone  Grit  and  the  Coal-measures. 

Pennine  Chain,  from  Derbyshire  to  the  Cheviots, — ^There  rises  gradu- 
ally from  the  central  plains  of  England  a  broad  ridge  of  wild  moorlands, 
the  summits  of  which  are  often  2000  feet  above  the  sea.     This  is 

"WEST 

NEAR 
CRIGH 


Fig.  116. 
Diagrammatic  nection  across  a  part  of  the  Derbyshire  coalfield. 
Reduced  from  sheet  60  of  the  Horizontal  Sections  of  the  Geological  Survey  (drawn 
by  W.  T.  Avelinc),  omitting  flexures  and  faults.    ■ 
Permian    if.  Magnesian  Limestone. 
Rocks.      ( g.  Rothetodtliegende  (occasional). 


Carboni- 
ferous 
Rocks. 


Coal  mea-  (  ^^^  above  the  Oanister  set  ... 

sures         i  Oanister  coals  and  sandstones 
,  V  Beds  below  the  Oanister  .... 

■<  c.  Millstone    i      ,^ 

Grit         ( ^'^^  sandstones,  and  shales,  with  thin  coals 

h.  Upper  Limestone  shale  (black  shales)          .... 
Carboniferous  Limestone  (about) 


i: 


Feet 

SlOO 

1000 

MO 

360 

250 
1000 

5300 


formed  of  a  broad  anticlinal  curve,  a  good  deal  broken  by  large  faults 
along  its  north-west  flank  towards  Westmoreland  and  Cumberl^d. 
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In  Derbysiiire  the  Carbonif erons  limMtQue  nnt  to  the  amftee  aibovl 
the  central  portion  of  the  anticlinal  curves  and  if  deepilj'  ent  into  hff 
picturesque  valleys,  though  the  base  of  the  seriet  is  noniieie  eEpuiwL 

As  the  ridge  sinks  towards  the  sonth,  the  beds  axe  ovadiqpped  and 
concealed  by  the  New  Red  Sandstone,  but  on  each  flank  of  tlte  xidge  a 
section  is  shewn  more  or  less  closely  identical  with  that  given  in  the 
preceding,  fig.  116. 

The  Coal-measures  mentioned  in  the  above  section,  extend  from 
Nottingham  to  Leeds,  on  the  east  side  of  the  antidinal,  while  on  the 
west  side  they  form  the  coalfields  of  North  Staffordshire,  Chesliire,  and 
Lancashire.  In  these  coalfields  there  is  a  mndi  greater  thickness  of 
Coal-measures  and  also  of  Millstone  grit  and  Upper  Limestone  shale, 
than  on  the  eastern  side.  Mr.  Hull  gives  the  following  as  the  aeetian 
of  North  Staffordshire  in  the  Horizontal  Sections  of  the  Geoloi0csl 
Survey,  sheets  42  and  56  : — 


Permian  rocks 


4.  Coal-measures  ^  three  sub-divisions) 

3.  Millstone  grit 

2.  Yoredale  rocks 

1.  Carboniferous  Limestone 


600 

6000 
4000 
2300 
4000 

16,300 


The  Lancashire  district  is  stated  by  Mr.  Hull  to  shew  the  following 
beds : — 


New  Red  Sandstone 
Permian 


3.  Coal-measures  (m  three  sub-divisions) 
2.  MUlstone  grit 
1.  Limestone  shale 


4000 
600 

6800 
3500 
2000 


I  should  be  inclined  to  suspect  great  exaggeration  in  the  thick- 
ness assigned  to  the  groups  below  the  Coal-measures  in  these  places. 
There  can,  however,  be  no  doubt  as  to  the  thickness  of  the  Coal- 
measures  themselves,  since  the  sinking  of  vertical  shafts  from  one  coal 
to  another  at  different  parts  as  they  rise  towards  the  surfiice  proves  the 
total  thickness. 

At  Dukenfield,  near  Manchester,  a  single  shaft,  sunk  by  Mr. 
Astley  at  a  cost  of  £100,000,  has  a  depth  of  2060  feet,  passing 
through  30  different  beds  of  coal,  having  an  aggregate  thickness  of  105 
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feet  Twenty-two  of  these  coals  are  of  workable  quality  and  thick- 
ness.* 

In  Nottinghamshire,  the  Duke  of  Newcastle  has  lately  sunk  a  deep 
shaft  through  the  Permian  rocks  into  the  Coal-measures,  of  which  a  de- 
tailed account  is  given  by  Messrs.  Lancaster  and  Wright,  in  Q.  J.  0.  S.,  L., 
vol  xyL  p.  138.  After  passing  through  about  200  feet  of  Permian 
rocks,  they  sank  through  222  sets  of  beds  of  sandstone,  shale,  and  coal, 
with  a  total  thickness  of  1300  feet  down  to  the  Top  Hard  or  Bamsley 
Coal,  which  was  not  quite  4  feet  thick,  and  then  sank  and  bored  below 
that  to  a  total  depth  of  1642  feet  from  the  surface.  The  "  Top  Hard" 
of  the  Derbyshire  coalfield  is  believed  to  be  the  same  bed  as  the  ''  Bams- 
ley coal*'  of  the  Yorkshire  coalfield,  and  it  has  a  thickness  of  upwards 
of  2000  feet  of  Coal-measures  below  it  in  each  place. 

As  we  trace  the  Millstone  grit  and  Upper  limestone  shale  from  the 
neighbourhood  of  Matlock  or  Buxton  to  the  north,  they  each  seem  to 
become  more  complicated,  and  the  upper  part  of  the  Carboniferous 
limestone,  both  to  the  west  and  north,  becomes  split  up  by  beds  of 
shale,  so  that  in  Yorkshire  there  is  a  great  series  of  alternations  below 
the  Coal-measures,  consisting  of  shales  and  sandstones  with  thin  cools 
in  the  part  called  Millstone  grit ;  and  shales  and  sandstones  with  thin 
limestones  in  the  part  called  Upper  Limestone  shale.  In  Yorkshire  this 
Upper  Limestone  shale  and  top  of  the  Carboniferous  Limestone  is  called 
the  Yoredale  series  by  Professor  Phillips,  and  the  thick  limestones 
below  are  called  the  Scaur  Limestone. 

The  lie  of  the  rocks  too  becomes  more  irregular  a  little  north  of 

Leeds,  so  that  the  anticlinal  ridge  expands,  and  its  flanks  are  thrown  off 

more  irregularly,  so  as  not  to  bring  in  the  Coal-measures  over  them 

(except  in  one  small  patch)  on  either  the  east  or  west  for  a  space  of  sixty 

miles.     On  the  west  side,  indeed,  the  great  Cross  Fell  or  Pennine  and 

Craven  Faults,  and  other  large  dislocations,  utterly  disturb  the  regularity 

of  the  lie  of  the  rocks  up  to  the  Cheviot  Hills ;  but  towards  the  east 

they  dip  gently  beneath  the  large  Durham  and  Newcastle  coalfield, 

while  the  outlying  coalfield  of  Whitehaven  comes  in  on  the  coast  of 

Cumberland  on  the  west.     A  section  drawn  across  the  country,  from 

the  valley  of  the  Eden  to  the  mouth  of  the  T^e,  would  exhibit  the 

following  series  of  rocks  : — 

Feet 
4.  Coal-measures  .  more  than  2000 

3.  Millstone  grit  .....  414 

2.  Yoredale  series        .         .         .         .         .  640 

1.  Great  or  Scaur  Limestone  group        more  than  1119 

*  The  lowest  coal  reached  is  called  the  "  Black  mine/'  and  is  4  ft.  8  in.  thick,  and  it  war 
calculated  as  able  to  supply  600  tons  daily  for  thirty  years,  the  estate  being  1203  acres. 
The  shaft  is  12  ft.  6  in.  diameter,  but  expands  near  the  bottom  to  19  ft.  2  in.  It  is  lined 
with  bricks  9  in.  thick,  with  rings  of  stone  at  intervals  of  8  yards. — Tlnus,  Sltt  July  1858. 

z  2 
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1.  The  Great  or  Scaur  Limestone,  asdeecribed  by  Foiter  in  Tjaeadile 
(Phillips's  Manual,  p-  163),  consists  of  ten  sets  of  beds  of  limestone  fiom 
7  feet  to  130  feet  in  thidmess,  separated  by  as  many  seta  of  ihale  and 
sandstone  varying  from  1 2  to  240  feet  thick,  the  total  thioknftia  of  thiQ 
whole  being  1119  feet,  with  the  bottom  not  seen. 

2.  The  Yoredale  series  contains  nine  seta  of  limestone  from  8  to  80 
feet  thick,  with  as  many  alternations  of  shales  and  sandstone  from  1 7  to  70 
feet  thick,  with  occasional  beds  of  coal,  the  whole  being  544  feet  thick. 

3.  The  Millstone  grit  here  contains  one  cential  band  of  limestone 
called  Feltop  lime  between  alternations  of  sandstone,  shale  with  izon- 
stone,  and  coal,  having  a  total  of  414  feet 

4.  The  Coal-measures  of  the  Tyne  district  (Newcastle,  etd)  axe 
about  2000  feet  in  thickness,  containing  about  600  separate  beds  (or 
measures),  and  a  total  of  about  60  feet  of  coaL  The  coal  lies  in  many 
beds,  two  of  which  are  6  feet  in  thickness,  and  three  others  3  lert  or 
more.  A  little  farther  north,  about  Berwick-on-Tweed,  good  beds  of 
coal  are  worked  down  near  the  very  base  of  the  series  in  the  group 
described  above  as  the  Great  Scaur  limestone  group. 

Scotland. — Crossing  the  range  of  the  Border  Highlands  into  the  Glae- 
gowand  Edinburgh  valley,  we  find  the  Carboniferous  series  shewing  the  fol- 
lowing groups,  according  to  the  classification  of  my  colleague  Mr.  Qeikie : — 

Feet 
6.   Upper  Coal  or  Flat  Coal  series  of  Mid-Lothian, 

aaudstones,  shalefl,  and  coals     .         .         .  1800 

5.  Moor  Rock  or  Roslyn  Sayidstone,  thick,  white, 

and  reddish  sandstone      .         .         .         .         1600 
4.  Lower  Coals  and  Upper  Limestones,  alternations 

of  sandstones,  shales,  and  coals,  with  some 

beds  of  crinoidal  limestone  in  the  upper 

part   of   the   group.     This   is   the    ddef 

repository  of  the  black-band  ironstone  and 

parrot  coals  of  Scotland,  about  .         .  900 

3.  Lower  Limestone  or  Thick  Limestone  Groupy 

consisting   of  several   bands  of  crinoidal 

limestone  of  variable  thickness,  with  inter- 
stratified  shale  and  sandstone  and  one  or 

two  seams  of  good  coal,  about  .         .  200 

2.  Calciferotts  Sandstone  or  Lower   Carbofiiferous 

series ;  a  very  thick  group  of  sandstones, 

with  some  shales,  and  a  number  of  thin 

limestone  bands. 
1 .   Upper  Old  Bed  Sandstone,  red  and  yellowish 

sandstones,  marls,  and  conglomerates,  with 

some  comstones. 
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Of  these  groupfi  No.  1  may  be  seen  in  Berwickshire,  Haddington 
and  Fife  shires  (Dura  Den,  etc.)  It  is  obviously  identical  with  the 
upper  part  of  the  Old  Red  Sandstone  of  Siluria  and  south  Ireland  (the 
Kiltorcan  beds,  etc.) 

No.  2  Is  probably  the  same  as  the  Carboniferous  slate  and  Coomhola  grit 
of  south  Ireland,  and,  therefore,  as  the  Marwood  sandstone  group  of  Devon. 

It  is  very  thick  towards  the  east,  but  thins  out  rapidly  towards  the 
west,  and  disapi)ears  in  Ayrshire. 

No.  3  Is  the  Great  Scaur  Limestone  group  of  Durham,  but  still 
more  split  up  by  shales  and  sandstones,  and  contains  beds  of  coaL  It 
is  on  the  same  horizon  with  the  bottom  part  of  the  Carboniferous 
limestone  of  Derbjrshire,  etc,  and  the  Lower  Limestone  of  Ireland. 

No.  4  Is  obviously  identical  with  the  Yoredale  series  of  Yorkshire, 
and,  therefore,  with  the  Upper  Limestone  shale  of  Derbyshire,  and  pro- 
bably with  the  Calp  and  Upper  Limestone  of  Ireland. 

No.  5 'Is  believed  to  be  the  representative  of  the  Millstone  grit  of 
north  England  and  Ireland,  the  Farewell  sandstone  of  South  Wales,  and 
probably  the  lower  part  of  the  Coal-measures  of  the  south  of  Ireland 
(viz.,  groups  6^  and  6*  in  fig.  114). 

No.  6  Agrees  mth  the  lower  part  of  the  Coal-measures  of  England 
and  Wales,  and  the  upper  part  of  the  Coal-measures  of  south  Ireland. 

Igneous  Rocks  Associated  with  the  Carboniferous  Series, 

Ireland. — Advantage  was  taken  in  chapter  xviiL  of  the  description 
of  contemporaneous  trap  rocks  to  mention  those  in  the  Carboniferous 
limestone  of  the  Limerick  basin  (p.  325),  turning  to  which  the  reader 
will  see  proofs  of  the  existence  of  igneous  eruptions  having  burst  out  in 
the  Carboniferous  sea,  and  produced  great  beds  of  trap  and  ash,  about 
the  middle  of  the  Carboniferous  limestone,  and  also  near  its  summit. 

Derbyshire . — In  Derbyshire  there  are  one  or  two  widely-spread 
bands  of  igneous  rock  called  toadstone,  in  the  Carboniferous  limestone. 
Tliese  are  certainly  contemporaneous  traps,  and  I  had  long  been  imder 
the  impression,  from  observations  made  in  the  years  1837  and  1838, 
that  each  of  these  toadstone  bands  was  the  result,  not  of  one  simul- 
taneous ejection  of  igneous  matter,  but  of  several,  proceeding  from 
different  foci  imiting  together  to  form  one  band.  This  belief  was  con- 
fi^rmed  in  1861  on  visiting  Buxton  with  the  eminent  Swiss  geologists, 
Messrs.  Escher  and  Merian,  and  their  companion  M.  Stohr,  when  the 
railway  cutting  a  little  below  Buxton,  down  the  valley  of  the  Wye,  laid 
open  the  toadstone,  with  the  limestone  above  and  below  it  Two  solid 
beds  of  toadstone  were  exposed,  proceeding  from  opposite  ends  of  the 
cutting,  towards  each  other,  but  not  overlapping,  with  beds  of  purple  and 
green  ash,  greatly  decomposed  into  clay,  botJb  above  and  below  each 
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bed,  and  between  the  two,  the  whole  forming  a  rather  iiregulB'  compo- 
Bite  accumulation,  with  a  total  thickness  of  about  60  feet 

jWM  of  England, — Farther  north,  in  Yorkshire,  Dnrhamy  and 
Northumberland,  great  beds  of  basalt  lie  in  the  Carboniferous  limestone 
series,  one  called  the  Great  Whin  sill,  extending  for  many  zniles^ 
and  varying  in  thickness  from  20  to  300  feet  Professor  Sedgwick 
belie veH  thin  to  have  been  a  mass  horizontally  injected  between  the 
beils  ;  but  Professor  Phillips  says,  that  '^  we  cannot  doubt  that  it  was 
erupted  from  several  centres  or  lines,"  and  speaks  of  the  possibility  of 
its  having  boon  poured  "  out  as  a  maas  of  submarine  lava."  (Phillips*a 
Manual,  p.  522.)  It  alters  the  rocks  below  it,  so  that  the  black  shales 
b.'come  prisniati<%  and  in  some  places  contain  garnets.  If  the  rocks 
above  are  also  alterwl,  it  must  of  course  be  intrusive. 

Are  the  igneous  rocks  of  the  Cheviot  Hills  of  Carboniferous  date  I 
AScotlantf. — Tlie  Carl)oniferous  rocks  of  Scotland  are  full  of  traps, 
both  CDntcniixinmeous  and  intrusive,  and  of  both  felstone  and  green- 
stone churact^L'r.  Beds  of  ash  acxM)m}>any  many  of  the  contemporaneous 
traps.  Tliose  of  the  neighbourii(K>tl  of  Edinburgh,  included  in  sheet  32 
of  the  geological  map  of  Scotland,  ore  now  fully  described  by  Messrs. 
Howell  and  Geikie,  in  the  Mems.  of  the  Geol.  Surv.  Great  Britain,  in  the 
part  entitled,  "  Geology  of  the  Neighbourhood  of  Edinbuigh." 

Characteristic  FotsiU. 

A  list  has  been  already  given  of  the  characteristic  fossils  of  the 
lower  part  of  the  scries  in  Ireland.  Some  of  the  fossils  there  mentioned, 
however,  aie  not  restricted  to  that  part,  but  occur  throughout  the  Car- 
boniferrjufi  sorii^s,  and  will  be  mentioned  again  in  the  following  list 

One  geneml  characteristic  of  the  formation  is  the  abundance  of 
plants.  These  occur  throughout,  and  are  not,  I  believe,  characteristic 
of  one  part  of  it  more  than  another,  except  that  they  are  foimd  in 
shales  and  sandstones,  or  the  washings  of  the  land,  rather  than  in  lime- 
stones, the  product  of  the  oceaiL 

It  does  not  appear  that  there  is  any  essential  difference  in  Scotland 
between  the  plants  found  with  the  coals  at  the  base  of  the  series, 
and  those  found  near  the  top,  some  species  being  locally  peculiar  in 
each  case,  but  occurring  in  other  beds  in  other  places.  Similarly, 
although  the  marine  shells,  etc.,  are  found  principally  in  the  limestones, 
as  might  be  expected,  yet  they  are  found  occasionally  in  the  shales 
and  sandstones  in  which  coals  occur,  tr)gether  with  other  shells  that 
look  something  like  fnwh-water  shells,  but  nevertheless  may  be  marine. 

The  different  assemblages  of  fossils,  therefore,  found  in  different 
parts  of  the  Carboniferous  series,  may  be  only  locally  characteristic 
of  those  parts,  their  limitation  depending  on  the  nature  of  the  '^station" 
in  which,  and  not  upon  the  time  during  which,  they  lived. 
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Alethopterig  lonehitica  (Fern) . 
Arterophyllites  eqinaetifonms 

CalomiteB  camueformis   . 


Tab.  v.,  aiiilLj.lt 
FtMB.  gr.  I&,  a. 


ft     r 

9 

1 

\ 

1 

1 

1 

^&R« 


Csrtionl 

eroni  PluU. 

«.  SUgmiili  flcoldn. 

£  SigUIuia  nsnUonnlJi. 

Lepidodendron  elegsaa   . 

Foes.  gr.  16,  d. 

LepidoatrobuB  omutiu    . 

Ly.  Man.,  p.  366,  and  Tab.  V. 

Keuiopteria  gigantea  (Fen^     . 

Tab.  View. 

Sigillaria  renjformiB 

FoBB.gr.  15,  c. 

Ly.  Man.,  p.  364,  and  Tab.  V. 

Stigmaria  (roots  and  rootlete)  . 

F(MiB.gr.  16,«. 

*  Ths  lobular  Viaw  oT  Cbanctirlitlo  Britlih  Foolli,  ud  Lrell'i  Uunsl  of  Ekmntsi 
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Amplexus  cowJloides 
Lithoatrotion  aftlne 
Micheliuia  &vosa 
Syringopora  ramuloaa 


lol, 
Funoslrella  anti  lUft  meinl  nnacea   jlebeia  ett-     Pliil.G.  V.  andPal.foi*. 

B  acl  0/  Hit 
AthjTis  Royflsii      ....  •M'Cny,  Curb.  fi>iw., t,  2 1, fig.  (J. 

Diflcina  nitiJa        ....  Phil.  U.  Y.,  L  11,  fig.  10. 

imiols  FuHili;  uid  X'Cor'l  Carboulfaniiif 
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Orthis  reenpinata 

Producta  aculeala,  scabricula,  etc  . 

semireticulata* 

Rhynchonella  acuminata 

plenrodon 

Spirifcts  ciispidata 

glabra 

pingnis- 

Btrialat 

Terebrotula  hoBtatA 


I  It  l9  bollFved  Ihit  many  other  Hjiecios  of  SplrU^n  wmild  prD|Krlr  )ie  Inclnilcd  in  on* 
otber  cif  tbe  iiboi'o.    Sp.  dli^miutii  or  VameuUlK,  foi  Initucr,  la  probibljr  onlj  n 


ATicnlopecten  poi^isceiu  FbK  gt  17,  It 

Cudiomoipha  oblonga  Fcml  gt  17,  & 

Conocudiom  (IlenTorliyncna)  Kbeznienm      'Bam.  gt  17,  dL 
Poadonomjra  Becheri    ....        TUh  T.  and 

Lf.  Hn.,  ^  414. 


L 


F««naroupNo.lB. 

b.  FHiseliliitu  tphiericni.                           /.  OooIUUkIMvI 
d  PhllUpdipiutalwi. 

Oatteropoda. 

LoxonenM  LefebTreL 

FoM.  gr.  17,  ft 

MBCTocheilns  oTalU 

pUiillna. 

Natica  elliptica      . 

UK>>7,  Oub.  foas. 

PhiL  G.  Y,  t  14,  flft  Stt. 
PhiL  G.  r,  %  & 

PleurotomariB  cariBata 

PliL  G  Y,  t  18,  %  1. 

Ttocliella  piiaca     . 

M'Oo3r,C!ttKli»,t7,% 
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Puropoda  and  Beleropeda. 
Bellerophott  liialcus       ....         Tab.  View. 

tangentialis        ....         Fobs.  gr.  17,/. 

Porcellia  Fazio. 


Cephalopoda. 


ActiRoc«rae  ^igontoiim  . 
Cyrtoceraa  VemeuiUiunui 
Ooniutitee  Listeri . 


0.  Y.  2,  t  21. 
Koninck,  t.  44. 
Foe8.gr.  18,/ 
Tab.  View. 


PoMil  Orunp  So.  10, 
CirboDirgroiu  Finfa  TaMb. 
1.  Cbidodng  ntrffttas.  t,  paumnodiu  parMoa. 

^.  FeUlodiuHaitliigilie.  /.  PKUlodui 

:,  HoloptychJuB  Fortlwkli.  ff.  Oiodoi  nmosu 

1.  Cachllodna  oWongns,  \.  Dlplnliu  gibboau. 


Nautilus  bjangulatus  (o: 

r  carinatu«) 

Foes.  gr.  18.  t. 

Orthoceroa  GoBneri 

FoM.gr.  IS.ir. 

St«inhaueri 

PhilL  Q.  Y.  2,  t 

Tab.  View. 
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Echinodermata, 
Actinocrinus  triacontadactylus 
Archaeocidaiis  Urii 
Cyathocrinus  tabulatus. 
Palapchinus  sphseiicus    . 
Pentremites  Derbiensis 
Platvcrinus  lacvia 
Poteriocrinus  granulosus 
Rhodocrinus  costatus     . 

Annelida 


Crustacea 


Spirorbis  carbonarius 

Bellinunis  Regina 

rotundatus  . 

trilobitoides 

Brachymetopus  (Phillipsia)  Ouralicus. 
Dithvrocaris  orbicularis. 
Griffithides  globiceps 
Phillipsia  pustulata 


Fish. 


Cladodus  striatus  . 
Cochliodus  oblongus 
Ctenacanthus  brevis 
Diplodus  gibbosus 
Holoptycbius  Portlockii 
Hibberti 


Tab.  View. 
M^C.  Carb.  fosa^  1 27. 
Tab.  View. 
Fobs.  gr.  18,  b. 
Foss.  gr.  1 8,  c, 
Foss.  gr.  18,  a, 
Phill.  G.  Y.  2,  t  4. 
An.  Nat  Hist.  43. 

Ly.  Man.,  p.  387. 

ExpLsh.  137,  GBi. 
Ly.  Man.,  p.  388. 
*  Buckl.  B.  T. 

Port.  G.  R  312. 
Ibtd,Zn. 
Foss.  gr.  1 8,  d, 

Foss.  gr.  1 9,  a. 
Foss.  gr.  19,  e/. 
Foss.  gr.  19,  h. 
Foss.  gr.  1 9,  h, 
Foss.  gr.  19,c. 
Ly.  Man.,  p.  400. 
Foss.  gr.  19,^. 
Foss.  gr.  19,/. 
Foss.gr.  19,  e. 


Orodus  ramosus     . 
Pa}cillodus  transversus    . 
Psammodus  porosus 

Foreign  Carboniferous  Bocks. — On  the  continent  of  Europe  the 
development  of  the  rocks  of  this  period  is  generally  inferior  to  that 
observable  in  the  British  Islands.  Having  learnt  the  succession  of  the 
beds,  and  their  organic  remains,  however,  in  our  own  country,  we  are 
enabled  to  trace  a  corresponding  order  in  other  parts. 

Belgium. — According  to  M.  Dumont — 

Systeme        /  4.  Alternations  of  "  ampelite  "  (sandstone),  shale,  and 
HouiLLiER.      (  coal. 

3.  Crinoidal    limestone,    dolomite,    producta    lime- 
stone, with  chert  and  anthracite. 

2.  Gray  sandstone,  soft  sandstone,  and  anthracite. 

1.  Gray  shales,  calcareous  shales,  dark  limestone,  and 
pisolitic  iron  ore  (oligiste). 
*  BncUand'8  Bridgewater  TreatiBe. 


Systeme 
condrusien. 
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CTiaracteristtc  Fossih. — ^The  plants  of  No.  4  correspond  to  those  of 
our  Coal-measures.  The  large  Productce  and  other  fossils  of  No.  3,  coi^ 
respond  in  the  main  with  those  of  the  Carhoniferous  or  mountain  lime- 
stone of  the  British  Islands.  The  lowest  division,  No.  1,  contains 
Spirifere,  Cyathophyllum  mitratum,  Pleurotomariae,  and  other  fossils, 
found  also  in  the  lower  divisions  of  Northumberland  and  Scotland. 

The  coalfield  of  Liege  has  long  been  celebrated.  The  rocks  in  that 
neighbourhood,  and  about  Namiir  seemed  to  me  greatly  to  resemble 
those  of  the  south  of  Ireland,  the  Coal-measures  being  apparently 
affected  by  slaty  cleavage,  thick  Carboniferous  limestone  appearing 
below  them,  and  underneath  t]iat  beds  resembling  the  Carboniferous 
slate. 

France  has  Coal-measures  in  the  coalfields  of  Valenciennes  in  the 
north,  which  is  the  western  continuation  of  that  of  Belgium,  and  is 
covered  towards  the  west  unconformably  by  the  Chalk  ;  and  also  in  the 
southern  coalfields  of  St.  Etienne,  and  some  other  smaller  districts. 
Much  of  the  lower  part  of  the  formation,  however,  consists  of  clay 
slate,  and  altered  rocks,  which  were  at  one  time  taken  for  much  older 
formations.  Sir  Roderick  Muix;hison  shewed  that  the  slate  rocks  of  Le 
Foret,  near  Vichy,  pierced  by  syenites  and  porphyries,  were  in  reality 
Carboniferous  rocks. — (§. «/.  Oeol.  Soc.,  vol.  viL,  p.  1 3.) 

Carboniferous  rocks  occur  in  small  detached  localities  in  many 
other  parts  of  Europe,  but  do  not  admit  of  description  as  typkal  rocks  of 
the  period.  The  fossils  contained  in  them  agree  with  those  already  men- 
tioned, with  just  that  amount  of  difference  that  might  be  expected  to 
arise  from  the  laws  of  geographical  distribution. 

Reptiles,  such  as  Archegosaurus  and  Apateon,  occur  occasionally. 


North  America 


Upper  Group. 

Middle  or 

Good  Coal 

GROxn». 

Lower  or 

Gypsiferous 

Group. 


Nova  Scotia, — According  to  Mr.  Dawson — 

Grayish  and  reddish  sandstone  and  shales,  with 
beds  of  conglomerate,  and  a  few  thin  beds  of 
limestone  and  coaL     3000  feet  and  more. 

2.  Gray  and  dark-coloured  sandstones  and  shales, 
with  red  and  brown  beds,  coal,  ironstone,  and 
bitimiinous  limestone.     4000  feet  and  more. 

1.  Red  and  gray  sandstones  and  conglomerates,  and 
red  and  green  marls  and  shales,  with  thick 
beds  of  gypsum  and  limestone.  6000  feet  and 
more. 


Characteristic  Fossils, — ^Those  of  No.  1  consist  of  Product®,  Tere- 
bratulsB,  Encrinites,  and  Corals,  etc.,  in  the  limestones,  many  analagous 
to,  and  some  even  identical  with  those  of  the  Carboniferous  limestone 
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of  Britain.  Scales  of  Holoptychiua  and  PaksoiuBCiu  have  also  been 
discovered.     Lepidodendron  and  other  plants  occur  in  the  aandstonea. 

In  No.  2,  Stigmaria,  Sigillaria,  and  other  genera  of  plants  occur  in 
abundance,  gencrically  identical  with  those  of  our  Coal-measures ;  Cyprisi 
Modiola,  a  land  shell  (Pupa),  Ganoid  fish,  and  three  species  of  Beptiles 
also  are  kno^Ti,  apparently  of  terrestrial  species. 

In  No.  3,  Calawites,  Ferns,  and  Coniferous  wood  are  found. 

Altogether  there  is  a  thickness  of  more  than  14,000  feet,  without 
reaching  any  exact  base,  or  arriving  apparently  at  the  very  highest  beds 
of  the  series.  There  are  seventy-six  beds  of  coal,  of  which,  however, 
most  are  only  one  or  two  inches  thick,  and  the  thickest  not  more  than 
four  feet. — {DawsovUs  Acadian  Geology) 

Some  of  the  beds  of  group  1,  consisting  of  sandstones  with  variegated 
marls  and  g>'])sum,  and  a  few  beds  of  coal  were  seen  formerly  by 
myself  in  Ne^'foundland,  on  the  south  shore  of  St  Geoige's  Bay,  and 
at  the  northern  extremity  of  the  Qrand  Pond. — {Report  en  OeUogy  of 
Newfoundland) 


United  States, 


3.  Upper 
Carboxiferous 
OR  Coal-Mea- 
sure Group. 


2.  Middle 

Carboniferoub  •< 

Group. 


1.  Lower 

Carboniferous  . 

Group. 


, — ^According  to  Professor  Hogers. 

Coal-measures,  alternations  of  sandstones,  shales,  and 
coals,  like  groups  2  and  3  of  the  Nova  Scotia 
district,  but  thinning  out  westward,  so  as  to  be 
only  3000  feet  in  Pennsylvania,  1500  in  the 
Illinois  Basin,  and  not  more  than  1000  in  Iowa 
and  Missouri. 

In  Pennsylvania,  soft  red  shales,  and  argillaceons  red 

sandstones,  3000  feet 
In  Virginia — 

c.  Blue,  olive,  and  red  calcareous  shales,  with  thick 
red  and  brown  sandstone. 

6.  Light  blue  limestone,  sometimes  Oolitic 

a.  Buff,  grc^enisli,  and  red  shales,  with  sandstone. 

Total  thickness,  3000  feet 
In  the  Western  States — 

h  Gray  and  yellow  sandstone. 

a.  Light  blue  and  yellow  limestone,*  1000  feet 

White,  gray,  and  yellow  sandstones,  alternating  with 
coarse  siliceous  conglomerates,  and  dark  blue  and 
olive-coloured  slates.  In  some  places  contains 
black  carbonaceous  slate,  and  a  bed  or  two  of 
coal.  2000  feet  thick  in  Pennsylvania,  thinTimg 
out  to  nothing  in  the  north-west 


*'  The  li^t  bine  Umottone  mentioned  above  thickens  towards  the  soath-wett,  and  diss 
away  to  the  north-east  in  Pennsylvania. 


CARBONIFEROUS  ?ERIOD.  533 

Characteristic  Fossils, — ^Those  of  No.  1  are  said  to  be  coal  plants  in 
some  parts,  and  marine  remains,  Crinoids,  and  Molluscs,  in  others. 
It  may  possibly  be  the  equivalent  of  the  Carboniferous  slate  of  Ireland 
and  Marwood  beds  of  Devon. 

Those  of  No.  2  are  like  those  of  No.  1  of  the  Nova  Scotia  district, 
generically  identical  with  the  fossils  of  the  Carboniferous  limestone  of 
Britain. 

Those  of  No.  3  are  in  like  manner  coal  plants,  belonging  to  the 
same  generic  forms  as  the  British,  but  with  many  local  and  peculiar 
species.  The  marine  beds  contain  corals,  shells,  and  fishes,  and  the 
littoral  beds  show  the  tracks  of  reptiles  of  the  order  Labyrintho- 
dontidse. 

India. — Several  laige  and  important  coalfields  exist  in  India,  as 
those  of  Damoodah,  Talcheer,  Nagpur,  and  others.  There  is,  however, 
much  doubt  whether  these  are  really  of  the  Carboniferous  period,  since 
they  contain  fossil  plants  of  the  genera  Pecopteris,  Glossopteris,  Verte- 
baria,  Phyllotheca,  etc.,  which  are  believed  to  be  rather  of  Triassic  or 
Oolitic  age  than  of  the  Carboniferous.  (See  papers  by  T.  Oldham, 
Mems.  Qeol.  Survey  India,  voL  L  ;  and  by  Sir  C.  Bunbury  in  Q.  J.  Geol. 
Soc.  vol.  xviL) 

Australia  — ^There  are  large  formations  in  Australia  which  are  cer- 
tainly of  Upper  Palaeozoic  age,  consisting  of  sandstones,  shales,  and 
limestones,  containing  shells  of  the  genera  Producta,  Spirifera,  Leptssna, 
Orthonota,  Pecten,  Pterinea,  Pachydomus,  Platyschisma,  Bellerophon, 
Conularia,  stems  of  Crinoids,  a  small  Tribolite,  etc  etc.  Associated 
with  these  rocks,  and  apparently  forming  the  upper  part  of  them,  are 
other  shales  and  sandstones  of  precisely  similar  character,  containing 
good  beds  of  coal,  and  having  fossil  plants  of  the  genera  Glassopteris, 
Tseniopteris,  Pecopteris,  Phyllotheca,  Vertebraria,  etc.,  precisely  like 
those  of  India.  These  coal-bearing  beds  are  accordingly  believed  by 
some  persons  to  be  of  much  later  date  than  the  beds  below  them,  which 
contain  palseozoic  genera  of  animal  remains. 

I  certainly  could  see  no  reason  myself,  in  Tasmania  and  New  South 
Wales,  for  introducing  any  separation  among  tliese  beds,  which  seemed 
to  be  all  part  and  parcel  of  the  same  great  formation  of  pale  sandstones, 
separated  by  shales,  and  containing  calcareous  beds  in  the  lower  part, 
and  coal  beds  in  the  middle  part  of  the  formation. 

In  New  South  Wales  the  beds  are  all  nearly  horizontal,  and  the 
section  quite  clear,  as  described  by  myself  in  a  paper  in  the  Quarterly 
Jovrn.  of  Geol,  Soc.,  vol.  3,  of  which  the  following  is  an  abstract.  (See 
also  Sketch  of  Phys.  Structure  of  Australia.     Boone.) 

5.  Dark  brown  shales,  with  impressions  of  plants    .         .<        , 

'  ^  ^  (^  and  more. 
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■4.  Sydney  sandstone,  thick  white  or  light-yellow  Bandstone,  )  p,^^  - 

with  quartz  pebbles  occasionally,  and  partings  of  shale  j 

3.  Alternations  of  shales  and  sandstones  .         .         .  400  feet 

2.  Shales  containing  two  or  three  good  beds  of  workable  )  200 to  300 

coal,  6  feet  thick  .         .         .         .         .         .  J        feet 

1 .  Wollongong  sandstones,  thick  dark-gray,  reddish-brown,  )  400  feet 

often  calcareous,  vnih  large  calcareous  concretions     .  J  and  more. 

Thus  is  only  a  part  of  the  series,  as  there  maybe  beds  below  Xa  1, 
and  otliers  above  No.  5. 

Characteristic  Fossils. — Tliose  of  No.  1  are,  Stenopora  crinita  ;  Pro- 
ducta  nigata  ;  Spirifera  subradiata,  Stokesii  ;  and  Avicula,  Pachydomus, 
Orthonota,  Pleurotomaria,  Bellerophon,  etc 

Tliose  of  No.  2  are,  Glossopteris  Browniana ;  Vertebraria  indica ; 
Pecoj)teris  australis  ;  Phyllotheca  australis. 

Tliere  are  fisli  said  to  have  been  found  by  Mr.  Clarke  in  No.  3  or  5, 
together  with  fragments  of  plants.  No  fossils  have  yet  been  found  in 
No.  4. 

Tlie  Rev.  W.  B.  Clarke  has  also  written  largely  on  the  structure  of 
this  coiuitry  in  the  Quar.  Jauni.  Geol.  Soc.,  and  in  separate  publica- 
tions. He  proposes  the  names  of  Hawkeslmry  Sandstone  for  the  group 
No.  4  of  the  above  section,  and  Waianamatta  Shales  for  group  No.  6. 

The  city  of  Sydney  stands  on  beds  about  the  junction  of  4  and  5, 
so  that  the  coal  beds  of  Himter's  River  and  Illawarra  lie  underneath 
it  at  a  depth  of  about  1 200  feet.  Mr.  Clarke's  Waianamatta  shales 
form  the  surface  rock  of  the  great  pait  of  the  county  of  Cumberland, 
the  Sydney  or  Hawkesbur}^  wmdstones  cropping  out  all  romid  it,  both 
along  the  coast  and  in  the  Blue  Mountain  range  in  the  interior,  and  the 
coals  are  everywhere  found  a  little  below  the  base  of  this  sandstone, 
both  on  the  south  at  Illawarra,  on  the  north  at  Hunter's  River,  and  in 
the  gullies  of  the  Blue  mountains,  accx^rding  to  Coimt  Strzelecki. 

LiFK  OF  THE  Period. 

Tlie  imsettled  state  of  the  bomidary  between  the  rocks  that  should 
be  referred  to  the  Devonian,  and  those  that  are  clearly  of  the  Carboni- 
ferous period,  produces  a  corresponding  hesitation  as  to  the  period  of 
the  couuneiicemeiit  of  certain  genera  of  fossils. 

Tlie  Carboniferous  period  certainly  abounded  in  plants  that  were 
well  adapted  for  preservation  and  for  conversion  into  coal.  It  cannot 
be  said  with  certainty  whether  the  greater  abundance  of  coal  was  the 
result  of  a  j)eculiarity  in  the  physical  geography  of  the  time  being 
imusually  favourable  to  vegetable  life,  or  of  the  kind  of  v^etation 
being  peculiarly  adapted  to  form  coal. 
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It  has  been  suggested  that  the  atmosphere  previously  contained 
more  carbonic  acid  gas,  and  that  it  was  comparatively  cleared  of  it 
during  the  period,  by  the  "  fixation"  of  carbon  in  the  form  of  coal. 
In  these  speculations,  however,  attention  seems  to  have  been  paid 
solely  to  the  carbonic  acid  of  the  atmosphere,  without  taking  any 
account  of  the  vast  quantity  of  carbon  that  must  always  have  been 
'^  fixed,"  as  it  is  called,  in  the  vegetables  and  animals  that  clothed  and 
peopled  the  earth.  No  reliable  data  exist  for  estimating,  with  any 
approach  to  accuracy,  the  coal  now  buried  in  the  earth,  but  supposing  an 
accurate  estimate  were  to  be  formed  of  the  carbon  in  the  form  of  coal, 
we  should  require  to  know  the  quantity  of  carbon  in  existing  plants, 
and  the  smaller,  but  still  appreciable  quantity,  in  existing  animals.  If 
we  choose  to  indulge  our  fancy  in  imagining  that  in  the  periods  of  the 
earth's  history  previous  to  that  called  the  Carboniferous  period,  there 
was  no  coal  and  no  terrestrial  vegetation,  we  may,  if  we  like,  fancy 
still  further,  that  the  carbon  afterwards  used  for  them  existed  pre- 
viously as  carbonic  acid  in  the  atmosphere,  and  that  the  earth  was 
enveloped  in  an  atmosphere  like  that  of  the  Grotto  del  Cane  ;  but  the 
speculation  must  always  remain  a  fanciful  one. 

It  would  seem,  from  some  exj^erinients  by  Messrs.  Lindley  and 
Hutton,  that  the  plants  found  so  abundantly  in  the  Carboniferous  rocks 
Ixjlonged  to  classes  peculiarly  adapted  for  preservation  when  buried 
under  water,  and  that  there  may  have  been  therefore  an  equal  abun- 
dance of  other  plants  which  have  not  been  preserved. — {JLii\dley  and 
Ilutton's  Fossil  Flora.) 

Tlie  following  are  the  genera  of  plants  which  appear  to  have  first 
come  into  existence  during  the  Carboniferous  period  ;  those  marked 
with  an  asterisk  being  apparently  confined  to  it,  the  others  surviving 
into  the  Oolitic  period,  and  one  or  two  to  still  later  times. 

Plants. — *  Adiantites,  Alethopteris,  *  Anabathra,  *  Annularia, 
*  Antliolites,  *  Aphlebia,  *  Aspidaria,  *  Asterophyllites,  Calamites, 
*Curdiocarpon,  Carpolithes,  *Caidopteris,  *  Crepidopteris,  *  Cyclocladia, 
Cyclopteris,  ♦Cyperites,  *Dadoxylon,  Endogenites,  Flabellaria,  *  Ha- 
lonia,  ♦  Hippurites,  *  Hydatica,  Hymenophyllites,  *  Knorria,  Lepido- 
dendron,  ♦Lepidophyllum,  *Iiepidostrobus,  •Lomatophloyos,  Lycopodi- 
tes  ♦Lyginodendron,  "Megaphytum,  ♦Musocarpum,  *  Myriophyllites, 
Neuropteris,  *NaBggerathia,  *0dontopteri8,  Otopteris,  *Palmacite8, 
*Picea,  Pinites,  *Pinnidaria,  *Pitus,  *Poacites,  *Polyporite8,  *Potho- 
cites,  *  Protopteris,  *  Rhabdocarpus,  ''^SageDaria,  *Selaginites,  *Sigil- 
laria,  Splienophyllum,  Sphenopteris,  *Stembergia,  *Stigmaria,  *Trigo- 
nocarpiuni,  *  Ulodendron,  Walchia. 

Of  these,  many  are  ferns,  and  some  are  supposed  to  have  been 
huge  Lycopodiacea),  others  are  of  unknown  affinities.  Mr.  Salter  at 
the  last  meeting  of  the  British  Association  (Manchester  1861)  offere<l 
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remarks  tending  to  prove  Sigillaria  was  a  great  aqnatiCy  posBiblj  a 
m«irino,  plant  It  has  often  occurred  to  me  that  the  amomalieB  arising 
from  the  evidence  for  the  growth  in  situ  of  many  coal  phmts,  and  the 
interstratilication  of  the  coaht  with  beds  formed  under  water,  would  be 
Kot  Ijy  puppo^ing  these  phmts  to  have  grown  in  the  water,  and  foimed 
IkmIs  at  the  bottom  of  it 

The  following  genera  of  animals  seem  to  date  their  existence  from 
this  period,  those  who  perished  with  it  being  likewise  diBtingnished  by 
an  asterisk. 
Actinocoa,    *Amplexua,  *Aulophyllum,  *Axophyllum,  *Beaumontia, 

*  Campophyllum,    Fistulipora,    *  Heterophyllia,  *  Lithostrotion, 

*  Lophophyllum,  *  Michelinia,  *  Moiticria,  *  Petallazis,  *  Fhillipa- 
astnea,  *Pyrgia,  *RlialKlopora. 

Polyzoa,  *  Sulcoretepora,  Vincularia. 

Brachiopoduj  Camarophoria,  Producta,^  Terebratula. 

Conchifera,    *  Aviciiloi^ctcn,     Anodonta,     ?Anatina,     *  Anthraoosia, 

/Axinus,  Canlinia,  Cardiomori)ha,  CucullsBa,  Edmondia,  Inooer- 

amus  (or  shell  having  similar  external  form)  Leda,  ?  Idma,  litho- 

(lumuH,  Liicina,  \  Lutraria,  Mactra,  Myacitcs,  Myalina,  ?  Pandora, 

Pleurophonis,  Sedgwickia. 
Gasteropoda^    Buccinum,    Cylindrites,   Dentalium,    Eulima,    I<acnna, 

Littorina,  ?  Melania,  •  Metoptoma,  Patella,  *  Phanerotinus,  *  Platy- 

Bchisma,  ?  Pupa,  *  Trochella,  Vermetiis. 
C^halopoda,  *  C-ljinenia,  *  Goniatites,  Nautilus,  *  Poterioceras,  *Trigo- 

noceras. 
Echinodermata,  *Adclocrinus,  Archroocidaris,  *Astrocrinus,  ^Atocrinus, 

*Codona«ter,     *  Cupressocrinus,     *  Dichocrinus,     *  Euryocrinus, 

*  Mespilocrinus,    *  Pentremites,   *  Perischodomus,    *  Platycrinua, 

*  Sycocrinus,  *  Synbathocrinus,  ♦  Woodocrinus. 
Annelida,  Sal)ella,  Serpula,  * Spirogh'phus,  Spirorbis. 

Crustacea,  Baiidia,  *Bellinuni8  (or  Linmlus)  *Brachymetopus,  *CycluB, 
Cytherc,  *    Cypris,     *  Entomoconchus,     *  Qriffithides,     Macrura, 

*  Phillipsia. 

hisecta,  Curculioides,  Corj'dalis. 

Fis/iy   *  Amblypterus,    *  Asteroptychius,   *  Carcharopsis,   ♦Cheirodua, 

*  Chomatodus,  ♦  Cladoflus,  *  Cochliodus,  Ctelacanthus,  ♦  Colonodua, 

*  Cricacanthus,  *  Ctenoilus,  ♦  Diplodus,  *  Dipriacanthus,  *  Erisma- 
canthus,    *Eurynotus,     *Glo88ode8,     Gyracanthus,     Gyrolepis, 

Ilelodiis,  *  Holoptychius,  *  Homacanthiis,  *  Lepracanthus,  Lepta- 

1  A  faflhinn  lias  lately  crejit  in  of  calling  this  Productua.  It  seema  to  me  we  might  t* 
well  apeak  of  a  Terebratulua,  an  Atrj-p^H.  or  a  Rh>'nrhonellQ8.  Where  a  Latin  a^JectlTe 
m  employed  at  a  name  of  a  bivalve  shell,  it  should  always  be  made  to  agree  with  Concha 
•>r  Cochlea  untlerstooil,  and  only  have  a  masculine  or  neuter  termination  when  a  snhatantlTe 
is  used,  as  in  the  case  of  Pentanierus.  The  shell  was  originally  called  Anemia  prodneta, 
iind  afterwards  i?roducta  alone  ;  why  not  let  it  remain  so  T 
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canthns,  *  Megalichthys,  *QracanthQ8,  *Orodii8,  *  Orthacanthus, 
Palaaoniflcua,  *Petalodus,*Pterodu8,  *Phy8onemu8,  *Platycanthii8, 
PlatyBomos,  *  Plectrolepis,  *  PleuracanUiuB,  *Poecilodu8,  *Poly- 
rhizodus,  *  Psammodufi,  *  Psammosteus,  Pygopterus,  ^Rhizodns, 
^SphenacanthuSy  ♦  Tnstychios,  ♦  UronemuB. 
tteptiUsj  Archegosauros. 

In  examining  these  lists  of  new  genera,  we  are  first  met  by  Corals, 
some  of  which  grow  to  large  size — a  foot  or  two  in  diameter.*  They 
occur  sometimes  in  beds,  a  number  of  species  growing  together  and 
forming  a  regular  wide-spread  coral  bed,  that  might  be  likened  to  a 
small  fringing  or  shore  reef.  They  may,  however,  perhaps  have  been 
deep-water  species,  and  at  all  events  there  is  not  the  slightest  appearance 
of  any  approach  to  the  form  of  one  of  the  Atoll  or  Bjffrier  reefs  of  the 
present  day,  either  in  the  Carboniferous  or  any  other  Palaeozoic  lime- 
stones. "  With  the  exception  of  the  genus  Pyrgia,  all  the  Carboniferous 
corals  are  Rugosa  and  Zoantharia  tabulata"  (Green's  Coelenterata). 

The  new  Brachiopoda  are  very  few  in  number,  the  principal  one 
being  the  genus  Producta,  some  species  of  which  are  quite  the  largest  of 
all  Brachiopodous  shells,  and  make  up  whole  beds  in  the  Carboniferous 
limestone.  Some  species  (if  not  all)  were  covered  with  long  slender 
spines  which  have  generally  been  rubbed  oflf  after  death,  but  which  I 
have  often  seen  attached  to  many  Products  in  the  Carboniferous  lime- 
stone of  Derbyshire,  sometimes  extending  several  inches  into  the  sur- 
rounding rock. 

Brachiopodous  shells  differ  from  ordinary  bivalves  in  several  very 
important  particulars.  Ordinary  bivalves  or  Conchifers  respire  by 
means  of  gills,  of  which  the  beard  of  an  oyster  is  an  example,  hence 
De  Blainville  called  them  Lamellibranchiata.  The  Brachiopoda,  on 
the  other  hand,  have  no  gills,  and  respire  through  the  mantle,  whence 
De  Blainville  caDed  them  Palliobranchiata.  The  Conchifera  have  their 
shells  on  each  side  of  the  body,  as  if  a  man  were  to  enclose  himself  in 
two  great  shields,  one  attached  to  each  arm,  their  valves  then  are 
called  left  and  right  valves.  The  Brachiopoda,  on  the  other  hand,  have 
their  shells  before  and  behind  like  a  great  breastplate  and  backplate, 
and  hence  their  shells  are  ventral  and  dorsal.  Hence  it  follows  that 
the  shells  of  the  Conchifera  are  usually  equivalve  but  inequilateral, 
while  the  shells  of  the  Brachiopoda  are  usuaJly  equilateral  but  inequi- 
valve.  In  the  case  supposed  above,  if  the  two  shields  enclosing  the 
man  were  fastened  together  between  his  shoulders,  the  shields  would 
be  equal,  each  enclosing  one  half  of  the  body,  but  when  measured  from 
a  vertical  line  drawn  through  the  fastening,  or  hinge,  the  parts  of  each 

1  See  Explanation  sheet  145  of  the  maps  of  the  Geological  Survey  of  Ireland,  where  a 
Lithoatrotlon  is  figured  by  Mr.  Wynne,  which  I  measured  myself,  and  found  to  be  9  feet 
across. 
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sliifid  would  probably  van'  in  size  and  form  according  to  tlie  faahion 
«Kl()ptL'<l.  In  the  other  case,  if  the  fastening  of  the  two  shielda  were  on 
tlie  to])  of  the  head,  the  x)arts  on  each  side  of  the  mesial  line  of  the 
bcxly  would  l>e  probably  espial,  and  similar  in  form,  but  the  breast- 
plate.s  and  bookplates  mi«;ht  be  very  unequal  in  dimensions,  according  as 
the  i)r«)iM)iii()ns  of  the  fnmt  or  iMick  of  the  body  were  slim  or  alder- 
nianie.  Tlie  human  fnime,  however,  would  very  feebly  express  the 
ineipialities  c»ften  observable  in  the  ventral  and  dorsal  valves  of  a 
BmchiojMMl,  h*ince  they  are  often  both  convex  in  the  same  direction,  one 
tittinj,'  Into  the  other  and  h^avinj^  but  a  very  slender  curved  interior  for 
the  aniniars  bcnly.  Tlie  ventiid  shell  is  always  tlie  largest,  and  from  a 
hole  in  its  beak  there  often  i^roceeiU  a  homy  sort  of  attachment,  by 
which  the  animal  fastened  itself  to  rocks  beneath  the  sea.  This  in 
Teivbratula  (Waldheiniia)  tuistralis,  is  not  mdikc  the  stalk  of  an  apple, 
and  the  s1k*11s  gi'ow  in  great  clusters  beneath  overhanging  rocks,  just 
under  low  water,  in  Sydni^y  harbour,  where  I  have  gathered  them. 
Other  species  are  found  only  in  deep  water. 

Many  Bnichiopodous  shells  have  curious  internal  shelly  plates,  or 
spikes,  or  loops,  and  a  larj:;e  portion  of  them,  if  not  all,  have  ciliated 
arms  soiled  uj),  sometimes  free,  and  sometimes  attached  to  these  shelly 
spikes  or  loops.  It  is  from  these  anns  or  bmchia  they  derive  their  name. 
In  th(f  8pirilera3  these  shelly  supj)orts  of  the  anus  extend  throughout 
the  valves,  fiY)jn  the  hinj^e  to  each  extivmity,  coiled  in  a  spiral  form 
like  a  watch  spring.  In  the  Pentiuuenis,  three  shelly  projecting  plates 
di\'ide  the  interior  of  the  shell  into  five  i)arta,  whence  its  name. 

Some  of  the  shells,  when  examined  inicrosoopically,  are  found  to  be 
minutely  perforated  by  small  canals,  while  others  are  destitute  of  this 
structure  ;  all  the  Terebnituli<he,  for  instance,  are  perforated,  but  none 
(^f  the  Rhynchonellida)  (see  Davi^lson's  Introduction,  with  Carpenter^ 
observations,  to  Brachi'ojMxhj  Pahmntological  Societies  Volume ^  and 
AVoofl ward's  Manual  of  the  Mollnsca), 

The  Brachiopoda  an.*  numerous  in  species,  but  are  still  more 
abundant  in  individuals  in  all  Palwozoic  rocks,  hundreds  of  Brachio- 
jKxlous  shells  often  occurring  for  one  Conchifer. 

In  the  (,\irboniferous  rocks,  however,  the  new  genera  of  Conchifera 
are  much  more  numerous  than  the  new  genera  of  Brachiopoda,  although 
the  si)ecies  of  those  genera  are  comparatively  few,  and  the  individuals 
scarce,  compared  to  those  of  the  BrachioixxLa,  so  far  as  the  limestones  of 
the  foniiation  are  concerned,  while  in  the  shales  the  Conchifera  are 
often  vers'  numei-ous,  especially  in  the  Coal-measures. 

The  Gasteropoda  likewise  shew  many  new  genera,  several  of  which  still 
live  in  our  o\ni  seas.  They,  however,  as  well  as  all  other  Falax>zoic  Qas- 
teropods,  belong  to  the  Holostomatous  class,  or  those  which  have  the 
mouths  of  th(4r  shells  tmbroken  by  any  indentations.   These  are  all  vege- 
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table  feeders,  the  notches  and  canals  in  the  mouths  of  the  carnivorous 
genera  sennng  for  the  passage  of  an  armed  tube  used  for  boring  into  other 
shells  and  feeding  on  their  inhabitants. 

The  Cephalopoda  shew  true  Nautili  of  the  same  genus  as  those  now 
existing,  and  differing  from  the  group  of  Lituitea  in  the  earlier  i>eriod8, 
in  the  curve  of  the  shell,  which  in  Lituites  is  more  open,  some  of  the 
whorls  not  touching  each  other.  The  genus  Clymtinia,  confined  ap- 
parently to  the  lower  part  of  the  Carboniferous  rocks,  has  its  septa 
slightly  waved,  and  its  siphon  on  the  inner  margin  of  the  shell  instead 
of  the  centre.  The  great  genus  Orthoceras  continues  and  exhibits  two 
new  modifications,  while  the  Goniatite  comes  in  as  the  liarbinger  of 
the  Ammonites. 

The  Ecliinodermata  existed  in  the  most  enormous  abmidance  in  the 
form  of  Crinoids  or  Sea  Lillies,  many  new  genera  making  their  appear- 
ance, and  beds  of  solid  limestone  a  thousand  feet  thick,  and  hundreds 
of  square  miles  in  extent,  seeming  to  be  almost  entirely  composed  of 
fragments  of  these  creatures.  Tliey  also  shew  forms  closely  aUied  to 
the  existing  Sea- Urchins,  although  these  were  as  yet  rare. 

Among  the  Crustacea,  the  great  group  of  the  Trilobites  becomes 
limited  to  one  or  two  genera,  Griffithides  and  Phillipsia,  and  then  they 
disappear  in  toto,  and  have  never  been  found  in  any  newer  rock.  The 
genus  Bellinurus,  however,  begins  to  exist  in  small  fonns,  which  pre- 
figure the  large  Linmlus  or  King  Crab  of  the  present  day,  and  other 
bivahailar  Cypris  or  Cythere-like  crustaceans  likewise  make  their  ap- 
pearance together  with  many  8i)ecies  of  Dithyrocaris. 

Insects  also  existed,  their  wing  cases  and  parts  of  their  bodies 
having  been  found  in  the  Coal-measures. 

Great  Fish  existed  with  jwlislied  bony  scales,  and  others,  like  the 
Port  Jackson  shark,  with  pavements  of  flat  teeth  over  their  mouths  and 
gullets,  in  order  to  crush  and  grind  shells.  Fish  teeth  and  scales  are 
found  in  great  abundance  in  some  places  in  the  Carboniferous  rocks, 
and  sometimes  their  whole  skins  nearly  as  perfect  as  would  be  the  skin 
of  a  liWng  fish  prepared  for  a  museum  ;  the  latter  generally  occurring 
in  the  shsde  beils  or  in  the  ironstones  includetl  in  them. 

We  also  now  get  the  first  indubitable  proofs  of  the  existence  of 
Reptiles  in  the  fossils  found  in  some  parts  of  the  Continent  and  North 
America,  although  none  have  yet  been  met  with  in  the  British  islands. 

Extinction  of  forms  towards  the  close  of  this  ])eriod. — Besides  those 
generic  fonns  which  were  marked  in  the  list  at  p.  536  by  an  asterisk,  to 
shew  that  they  died  out  towards  the  close  of  the  period,  and  liavc  not 
left  any  remains,  so  far  as  is  yet  known,  in  any  newer  rock,  other 
generic  forms  which  lived  in  preceding  periods  now  died  out  and 
became  extinct  Of  these  the  following  may  be  taken  as  an  approxi- 
mately accurate  Ust : — 
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Actinozoa^  Alveolites,  Clisiophyllom,  Cyatbaxonia,  Cyathophylliim, 
FavositcB,  Heliolites,  Sarcinula,  Strephodea,  Syringopora,  Zaphren- 
ti.s,*  all  from  the  Combro-Silurian  or  Silurian  perioda. 

Polyzoa,  Polypora,  Rylopora. 

BrachtojxHjlaf  Athyri»,  Chonetes,  Orthis,  Pentamerua,  Retzia. 

Coiichifera,  1  Pterineat,  Conocardium,  Dolabra,  Leptodomus,  Sangaino- 
litcs. 

Gasteropoda,  Raphistoina. 

Pteropoda,  Comiltiria, 

Cephaloj)oda,  Aetinoceras,  and  all  the  OrthoceratidsB,  so  far  as  the 
British  nwks  are  concenit^. 

Echinodermata,  Actiuocrinus,  PalacHshinufl,  PoteriocrinnB,  RhodoczinuB, 
Taxocrinufl. 

Anntflida,  Serpulites. 

Crustacea,  CJypridina,  Dithyrocaris,  and  the  whole  order  of  Trilobites. 

Fish^  Acantliodes,  ABterole])i8,  Ctenacanthns,  CtenoptychiuSy  Diplop- 
teni!?,  Onchu?,  Ptycacanthus. 

*"  Except  one  doubtful  species  in  the  Inferior  Oolite. 

t  A  species,  referred  to  this  genus  with  doubt,  occun  in  Carboniferous  rockt.     If  not 
rightly  so  referred,  the  genua  became  extinct  at  tlie  close  of  the  Silurian  Period. 


CHAPTER   XXXI. 

PERMIAN  PERIOD. 

In  the  examination  of  the  great  series  of  British  rocks,  a  large  group 
of  reddish-coloured  sandstones  is  met  with,  lying  above  the  Carboni- 
ferous rocks,  similar  in  general  aspect  to  those  which  lie  below  them. 
These  red  sandstone  groups  were  called  the  Old  and  New  Red  Sand- 
stone. We  have  seen  in  the  preceding  pages  that  it  will  be  necessary 
for  the  future  to  separate  the  Old  Red  Sandstone  into  two  parts — the 
one  forming  the  upper  part  of  the  Lower  Pahsozoic  series ;  the  other 
forming  the  base  of  the  Upper  Paheozoic  series,  the  intermediate  or 
passage  beds  between  the  two  being  not  yet  known? 

The  necessity  for  separating  into  two  distinct  parts  the  beds  previ- 
ously classed  together  as  New  Red  Sandstone,  was  recognised  some 
years  ago  by  Sir  R  L  Murchison.  This  separation  has  indeed  been 
made  so  wide  as  to  class  the  two  parts  in  different  epochs,  the  one 
forming  the  uppermost  of  the  Palaeozoic,  while  the  other  forms  the  base 
of  the  Mesozoic  series. 

TYPICAL   ROCKS. 

Russia  and  Oe^^many, — When  Sir  R  L  Murchison  examined  Russia 
and  the  Ural  Mountains,  he  found  a  great  series  of  "  grits,  sandstones, 
marls,  conglomerates,  and  limestone,  sometimes  enclosing  great  masses 
of  gypsum  and  rock  salt,"  overlying  the  Carboniferous  rocks,  but  be- 
neath the  Trias,  and  occupying  the  district  which  formed  the  ancient 
kingdom  of  Perm.  He  proposed,  therefore,  the  name  of  the  Permian 
rocks  for  them. 

The  lower  part  of  this  deposit  agreed  with  the  red  beds  which  in 
Germany  had  received  the  name  of  the  "  rothe-todtli^ende,"  or  red 
dead-layers.  These  were  called  "  dead"  because  the  copper  which  was 
worked  in  the  beds  above  them  died  out  as  they  came  into  these  beds 
below.  These  lower  red  beds  swell  out  in  the  Thuringerwald  to  a 
thickness  of  4000  feet  (Silitria,  p.  333),  though  this  must  be  taken  as 
a  mere  local  exception  to  its  general  dimensions. 

Above  this  axe  certain  beds  of  dark  shale,  with  copper  ore,  hence 
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oalknl  Kupfer  Scliiefer,  and  over  that  a  limestone  called  the  Zechetem, 
which  pat^es  up  into  a  red  and  nicttleil  marl,  called  the  Bunter 
Schiefor. 

'file  section  there  is — 

4.  Bunter  Schiefer. 

3.  Zeclistein. 

2.  Kupfer  Schiefer  or  Mergel. 

1.  Rothe-t(Hltliegende. 

Durham   and  the  Xorth-EaH  of  England, — ^Professor    Sedgwick, 

in  his   celehmted  i>iii>er    in  the  tliird  voL   TraniB,  GeoL  Soc^  Lond^ 

described  the  rocks  of  Durham  as  follows  :* 

Feet 

6.  Ked  g}'p.<eous  marls  .  .  .  100 


5.  Tlihi  bedded  gray  limestone 

4.  Red  {^'^•pseous  marls,  slightly  salifcrous 

3.  !Maguesian  limestone 

2.  Marl  slate 

1.  Lower  red  sandstone 


80 
200 
600 

60 
200 


Of  these,  Ni>.  1  is  the  same  as  the  rothe-todtliegende  ;  No.  2  is  identi- 
cal >\ith  the  Kupfer  Seine IV*r,  containing  many  of  the  same  peculiar 
species  of  lish  ;  and  the  beds  above  may  be  equally  paralleled  with  the 
ZcHihstein  and  Bunter  Schiefer. 

1.  The  Lcjwer  lied  Sandstone  is  a  very  irregular  deposit,  lying  un- 
conformably  on  the  Coal-measures,  and  in  hollows  eroded  in  their  sur- 
face. Neveilheless  it  contains  plants  of  the  same  species  as  those  of  the 
C-oal-measuix'S. 

2.  Tlie  Marl  slate  is  a  brown  indurated  fissile  shale,  with  occa- 
sional beds  of  thin  compact  limestone. 


Characteristic  Fossils. 

Plants,  Neuropteris  Huttoniana  ;  Caulerpa  selaginoides. 

Brachio])oda,  Lingula  Credneri ;  Discina  speluncaria  ;  Product©  and 
Spirifers. 

Fishf  Palajoniscus  elegans,  comptus  (Foss.  gr.  20,  c),  glaphyrus,  etc  ; 
Platysomus  macrurus  ;  Acrolepis  ScdgM'ickii  ;  Pygopterus  mandi- 
bularis,  etc.  ;  Caelacanthus  granulosus  (Foss.  gr.  20,  b). 

3.  Tlic  Magncsian  limestone  is  a  singularly  diyersified  mass  o(  lime- 
stones, sometimes  compact,  at  others  crystalline,  brecciated,  earthy, 
globular,  oolitic,  cellular,  etc. ;  some  beds  like  piles  of  cannon  or  mus- 

*  Sec  altfo  an  excclleut  paper  on  the  reniiian  rocks  of  South  Torkshire,  by  Hr.  Kliby, 
Quarterly  Journal  Geological  Society,  vol.  rv'ii. 
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ket  balb,  others  like  bunchea  of  gtspes,  etc ;  Bome  very  liEird,  some 
quite  friable,  some  thin  and  flexible.  Oeneial  colour  iihadeB  of  yellow, 
Bometimee  red  and  brown. 


L  FUljKimiu  atriMna.       b.  CKlirintbiu  gnnnlomu.       c.  PslEanlKua  camptiM. 

Its    chBiacteristic    fossils  are   ntunurous,   the    following  being 


stlecttd  list  ;- 

Voltzia  Phillipsii 
Polyc«elia  profunda 


Plantt. 
PolyzM. 


Feneatrella  retiformiB 
Synoclnilia  virgulacea 
Thamniscus  dubius    .         .         .         . 

Drachiopoda. 
Camarophoria  Schlotheimi  . 
Producta  borrida        .         .         .         . 


Lind.  Fobs.  tlo.  195. 

Pal.  Soc  King,  and  Ed. 

Fofls.  gr.  81,  k 
Fo«s.  gr.  21,  a. 
King.  Per.  fosR. 

Foss.  gr.  21,  d. 
Fobs.  gr.  81,  c. 


I  PERMIAH  PERIOD. 

Spirifera  crislata   ....  ■  King.  Per.  few 

StropbaloEiia  Goldfassii  ....  IHd. 

Conckifera. 

Avicula  spelimcaria        ....  Ihid. 

Axiniia  oljsciinia    .....  Hid. 

tnmcatus .....  Ibid. 

Bakovtlli.1  antiqua         ....  Fon.  gr.  SI,  r. 

Canliomorpha  modiolifomiis  .  King.  Per.  foaa. 

Fleurophorus  COsUtus    ....  Fo«8.  gt.  21,/. 

Schizodus  Schlothdmi  ....  King.  Per.  fose. 


1    BjTlOClAdlE  VirBUiKWl. 

>.   FeneBtrella  ntifunnJi. 
\  PruducU  taonidi. 


I.  BukenUis  uitlqiu. 


Oaslercpoda. 

Euomphaliw  Permianus  .  King.  Per.  fuss. 

Loxonema  fasciatum      .         ,         .  ,  Fobb.  gr.  21,  j, 

Uacrocheiliia  ^mmetricuB  .  Foul  gt.  81,  A. 

■  King*!  Fvnuiu  ponEla,  FaL  Boc.  vol 
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Natica  Leibnitziana 
Pleurotomaria  antrina  . 

CepJialopoda, 

Nautilus  Bowerbankianu-s 
Freieslebeni     . 


Fi^h. 


Platysomus  striatus 


King.  Per.  fos& 
Ibid. 


Hid. 
Ibid. 


Foss.  gr.  20,  a. 


Midland  counties  of  England. — ^The  magnesian  and  other  limestones 
of  the  Durham  section  die  away  towards  the  south,  and  finally  disa])pear 
near  Nottingham. 

There  are,  however,  in  Warwick,  Stafford,  Shropshire,  and  Cheshire, 
a  great  series  of  beds,  occupying  the  same  relative  jjosition  between  the 
C»)al-measure8  and  the  Trias,  or  New  Red  Sandstone  proper,  as  may  be 
seen  from  the  section  in  fig.  1 1 7,  which  exhibits  the  whole  series  of 
beds  which  in  that  country  intervene  between  the  top  of  the  Coal- 
measures  and  the  base  of  the  Lias. 

The  diagram  is  constructed  jmrtly  from  sheet  23  of  the  Horizontal 
Section  of  the  GJeological  Survey.  The  parts  belonging  to  the  Permian 
group  are  those  called  b  and  c. 


Diagramnuitic  section  across  the  CIcnt  Hills,  900  feet  high,  from  the  south  end  of  tlie 
South  Staffordshire  coal-field  to  the  Lias  of  Worcestershire. 

Oolitic— <.  Lias—  Feet 

f    ti      (h.  Red  marls,  with  salt  and  gypsum 500 

g.  Waterstoncs,  white  freestone  with  thin  brown  sandstone 
and  marl 


"3    © 

2  a 

2| 


s 


{■ 


a 
oq 


Permian. 
Carboniferous. 


f/.  Soft  red  and  brown  mottled  sandstone  .... 

e.  Pebble  beds,  uncompacted  conglomerate  of  pebbles  of  quartz 

rock,  varying  txom  150  to  

^d.  Soft  brick  bed  sandstone,  varying  flrom  0  to 

(  e.  Trappean  breccia 460 

(  h.  Red  marls  and  sandstones,  witii  thick  comstone  bands    » . 


200 
500 

300 
550 


400 


Coal-measures. 


The  marls  in  group  b  are  often  remarkable  for  their  deep  blood-red 
character,  and  some  of  the  sandstones  are  likewise  dark  red.      The 

2  a2 
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ronistnm»>  are  jpiitc  like  tlK».«i»  of  tlic  Old  Rod  Sandstone,  and  were  at 
niio  time  IkHl-vimI  to  K-loii;;  to  it  ;  one  of  the  earliest  descriptions  of 
the  c«>ni<>toiK'  (if  the  Old  Red  SauiUtonc  being  taken  in  fact  from  tlieK 

Tlie  Tnipjx-an  broocia  c  cniisists  in  some  ]iart«  so  entirely  of  loose 
aii;:ulai-  ti-aj^iiKiits  of  a  p<»ri»hvritic  trap  that  it  was  believed  to  be 
merely  the  sinK'rfnial  debris tU'rived  from  the  solid  trap  rock  beneath. 
In  t»lhcr  jvirts,  however,  it  contains  S([uare  slabs  and  angular  fragments 
of  LlandovtTv  sandstone,  an«l  other  frajnnents,  so  that  Professor  Banuay 
iK-liivcs  that  soini*  of  them  niu*t  liave  IxHjn  transported  by  ice.  (^icar- 
r^rh/  J'j'irmd  >>/  thr  ihuijqlcal  >>>r\rtif^  voL  iL,  p.  185,  and  Mems,  Geof. 
South  St'if"rth/.:r^  Oj'ih\M,  2d  Rlition.) 

Ic'laml  find  S'f'thiiitf. — Tlie  red  sandstones  of  Roan  HUl,  near 
Dun^Mniion,  containing  abundance  of  PAlax)uiscus  catopterus,  are  pfo- 
Ixd'ly  Permian.  Yellow  ma.i:ne>ian  limestones,  exactly  like  those  of 
Durham,  ami  with  many  «if  the  characteristic  fossils  previously  men- 
ti«)ned,  ticcnr  in  jiatches  at  Ardiiva,*  county  Tyrone,  and  blocks  of  it 
have  been  fomi«l  at  C'ultra,  near  Bidfast. 

Tlie  nd  >aiid-tones  of  Dumfries,  with  tracks  of  reptiles  so  beautifully 
ligimnl  by  Sir  \V.  Jariline  in  his  "  Ichnology  of  Annandale,**  may  also 
jKwsibly  i>el-»n,i:  either  wholly  or  in  jvirt  to  the  Permian  rather  than  the 
Tria^sic  Perii'd. 

Life  <n'  the  Period. 

Our  cA'idence  as  to  the  life  of  this  iktiihI  is  ven*  scant}'.  Some  of 
the  ve jactation  of  the  Carboniferous  Peritnl  seems  to  have  been  still 
existing  during  the  early  j>art  of  the  Permian  ;  but  to  have  been  re- 
placeil  by  other  fonns  during  the  latter  jmrt.  This  alone  would  lead  one 
to  su>i)ect  the  pji^sage  of  a  vast  inten'al  of  time  as  yet  unaccounted  for. 

In  the  animal  kingdom  the  genera  Fenestrella  and  Producta,  and 
several  gener.i  of  tish  which  are  common  in  earlier  PaUcoioic  rocks  still 
exist eil.  I^ibyrinthodont  n^ptiles,  alsti,  of  which  indications  appeared  in 
the  uj>ix?r  rocks  of  the  Caib("»niien.»us  Periotl,  existed  during  the  Pennian, 
and  into  the  next  :or  Triassic  i»erio<l\  when  they  became  perhaps  most 
al.iund.int. 

Tliere  are  not  manv  new  forms  of  life  that  ilatc  from  the  Permian 
Perioil  ;  but  tliis  may  be  U-cause  of  the  very  defective  state  of  the 
reconls  of  it  whieh  have  come  down  to  us,  or,  in  other  words,  because 
the  fossilifcrous  groups  of  Pennian  rock  we  yet  know  are  few  and  far 
between. 

The  following  list  contains  all  that  could  be  named  : — 

•  See  Pr>fes»i>r  Kint;*a  iMper  (DuMin  Sat.  Hut.  BerUw,  Na  Z.X  or  Journal  qfthiOmtleti- 
err'  SoeUtiff  Dublin,  voL  viL 
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Plnnts,  *  Oaulerpites,  Confervites,  Voltzia. 
Spongidoe,  *  Bothroconis,  •  Mammillopora. 
Foraminifera,  Dentalina,  Spirillina,  Textulana. 
Actinozoa,  ♦  Polycaelia. 
Poli/2oa,  ♦  Synocladia,  ♦  Thamniscus. 
Brachiopoda,  None. 

Conchifera,  •  Bakewellia,  ?  Lima,  *  Schizodos  (part  of  Axinus). 
Oasteropoda,  ?Ri68oa. 
Annelida,  Vermilia. 
Fish,  ♦Acrolepis,  ♦  Gyropristis. 

Reptiles,  Labyrinthodon,  *  Palseosaurus,  Thecodontosaurus,  ?  Ichnitea  of 
Corncockle  Moor,  etc. 

In  addition  to  the  genera  marked  with  an  asterisk,  as  having  both 
commenced  and  ended  their  existence  in  this  periocl,  the  following, 
which  date  from  earlier  times,  appear  now  to  have  become  extinct : — 

Plants,  Neuropteris,  SigQlaria,  and  Stigmaria. 

Actinozoa^  Chaetetes,  Fistuliiwra. 

Polyzoa,  Fenestrella,  Glauconome. 

Brachiopoda,  Camarophoria,  Orthisina,  Producta. 

Conchifera,  Axinus,  Myalina,  Solemya. 

Echijiodemiata,  Cyathocriniis,  Archseocidaris. 

Crustacea,  Ceratiocaris. 

Fish,  Coelacanthus,  Gyracanthus,  Pahconiscus,  Platysomus,  Pygopterii?. 


Gaps  in  the  PALiEOzoio  Series. 

It  will  be  useful,  perhaps,  if  we  just  pause  for  an  instant  to  note  the 
gaps  or  breaks  in  the  succession  of  rocks  hitherto  described,  or  those 
parts  where  there  seem  to  be  beds  wanting  in  different  parts  of  it 

In  Ireland  there  is  a  distinct  break  between  the  Cambrian  and  the 
Cambro-Silurian  rocks,  so  that  the  upper  part  of  the  one  and  the  base 
of  the  other  are  both  wanting.  It  is  possible,  perhaps,  that  this  defi- 
ciency is  completely  supplied  by  the  lingula  flags  of  North  Wales,  At 
the  same  time  this  is  by  no  means  certain  and  one  or  more  intermediate 
groups  or  formations  may  yet  be  discovered  in  other  parts  of  the  world. 

There  is  also  a  distinct  break  between  the  Cambro-Silurian  and 
upper  Silurian  rocks.  Elevation  and  denudation  were  both  taking  place 
during  the  deposition  of  the  Llandovery  rocks.  Dry  land  was  formed 
where  sea  prevailed  before,  and  where  subsequent  depression  allowed  it 

1  AU  the  PennUn  Corab  known  belong  td  Rngoea  and  Zoantharla  tabnbita ;  bnt  the 
order  Rogoia  now  disappeaxs  with  the  exception  of  one  single  species  (Holocystis  elegans), 
which  is  found  in  the  Qieensand  of  the  Gietaoeous  Period  {Chtm^s  Mamiuai  (iff  C(KUnUrata). 


548  GAPS  IN  THE  8SBIE8. 

to  spread  afterwards,  as  shewn  by  Edward  Forbes  and  Profeflsor  Bamaay 
in  the  Longniynd  country. 

When  we  reach  what  is  called  the  Deyonian  Period  we  have  the 
ilearest  evidence  of  an  enormous  break  in  the  series.  The  utter  dis- 
cordance in  Scotland  of  the  upper  port  of  the  Old  Red  Sandstone,  on 
what  Mr.  Geikic  still  calls  the  lower  Old  Red  Sandstone,  the  similar 
discordance  of  the  Old  Red  Sandstone  proper  on  the  Dingle  beds  of 
Ireland,  the  concealed  but  still  existing  discordance  of  the  correspond- 
ing groups  in  the  district  of  Siluria,  prove  this  gap. 

The  inij>088ibility  of  pointiug  to  any  place  where  there  is  to  be  seen 
a  regular  succession  of  beds  from  true  upper  Silurian  through  the 
Devon  and  Eifel  limestones  into  the  Carboniferous  series,  is  evidence 
in  favour  of  the  same  fact.  The  change  in  the  forms  of  life  between 
the  Upper  Siliman  and  Lowest  Carboniferous,  only  partially  and 
obscurely  accounted  for  in  the  fossils  of  the  Devonian  slates  and  lime- 
stones, corroborates  it. 

It  is  possible  that  some  of  the  rocks  of  North  America  fill  up  a 
portion  of  this  great  gap. 

The  great  Carboniferous  formation  as  developed  in  the  British 
islands  is  perhaps  the  best  example  we  have  in  the  world  of  a  continu- 
ous series,  but  when  we  come  to  the  Permian  groups,  and  the  Triassic 
immediately  above  them,  continuity  of  deposition  is  evidently  the  ex- 
ception rather  than  the  rule.  Elevation  and  disturbance  prevailed  then 
OS  it  did  in  the  interval  between  the  Upper  Silurian  and  Carboni- 
ferous formations,  and  even  to  a  still  greater  extent.  Much  dry  land 
was  probably  formed,  vast  denudation  took  place  by  the  slow  process  of 
the  waste  of  coasts  and  the  atmospheric  degradation  of  exposed  countries 
in  both  these  vast  intervals,  and  the  rocks  at  present  known  to  us  are 
chiefly  the  results  of  this  waste,  detritus  deposited  here  and  there  in 
local  patches,  or  a  few  still  more  local  remnants  of  the  intervals  of 
tranquil  deposition  in  the  lakes  or  on  the  sea  bottoms  of  the  periods. 

The  Cambro-Silurian,  the  Upper  Silurian,  and  the  Carboniferous, 
may  be  taken  as  three  tolerably  complete  and  consecutive  groups  of 
rock,  three  isolated  volumes  of  our  history.  The  Cambrian  and  Pre- 
Cambrian  records  are  difficult  to  decipher.  The  Llandovery,  the 
Devonian,  and  the  Permian  records,  are  but  a  few  torn  and  half  obli- 
terated leaves  from  lost  volumes  that  may  perhaps  never  be  recovered. 


SECONDARY  OR  MESOZOIC  EPOCH. 


CHAPTER  XXXII. 

TRIASSIC  OR  NEW  RED  SANDSTONE  PERIOD. 

The  tenn  Trias  is  a  continental  one,  as  in  Germany  and  the  borders  of 
France  the  rocks  deposited  during  this  period  formed  three  well 
marked  groups.  The  contemporaneous  rocks  in  Britain  were  called 
New  Red  Sandstone,  under  which  term,  however,  were  included  at  one 
time  those  that  have  just  been  described  as  Permian. 

It  will  be  best  to  look  to  the  Continent,  in  the  first  instance,  as  con- 
taining the  most  typical  series  of  rocks  of  this  period. 

Typical  Groups  of  Rock. — Oermany — 

Feet. 
3.  Keuper      .  .  1000 

2.  Muschelkalk       .  .  600 

1.  Bunter  Sandstein        .  1500 

1.  The  Bunter  Sandstein,  or  "  variegated  sandstone,"  is  a  red  and 
white  sandstone  interstratified  with  red  marls  and  thin  bands  of  lime- 
stone, sometimes  oolitic,  sometimes  magnesian.  This  is  the  ''Gres 
bigarre  "  of  the  French. 

Characteristic  Fossils. 

Plants,  Thirty  species  have  been  found  near  Strasburg  ;  Ferns,  Cycads, 
and  Couifera.  Among  them  are  Calamites  Mougerti,  Equise- 
tites,  JEthophyllum  speciosimi  and  stipulare,  Neuropteris  elegans, 
Voltzia  heterophylla,  Albertia  elliptica,  Anomopteris. 

Fishy  Acrodus  Braunii,  Placodus  impressus. 

Reptiles,  Trematosaurus,  Nothosaurus  Schimperi,  footprints  of  Laby- 
rinthodon. — {Vogfs  Lehrhuch,  vol.  L  p.  383). 

2.  Muschelkalk.  A  compact  reddish  gray,  or  yellowish  limestone, 
rarely  oolitic,  but  in  some  places  magnesian,  especially  in  the  lower 
beds,  which  include  beds  of  gypsum  and  rock  salt  It  might  accord- 
ingly be  divided  into  two  sub-groups — 
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UpiKT  Aliisrlielkolk,  n^ilurly  bediied  limestone,  more  than  300 
r<^<-t  thick. 
A1tt.>niiitii>iii)  of  liincslunc,  <Iu1oniitt;,  marl,  and  gypaum  or  anhydrite 
ini  ruck  milt,  2m()  fcet 


a. 


Fouilt. 


/irac/ii-i/i'i'lii,  Ti-rfbrntiila  vtilgiiris,  Foa^  gr.  22,  *. 
Conrhiftni,  Gi-nilin  sijcialw  ;  Liiim  striata ;  ACyophoria  Tulgarii,  Foee. 
;,'r.    -£2,   'I;    Otrua  iilikcunuides  and  Schubleri ;   Pecten  discites. 


...  Eiicriniw  IHlimmii*.  rf.  Myophnrii  lulgwls. 

':  TmlinituLi  vnlgarlii.  e.  Nautitiu  licugonilU  or  bldoruUi. 

(.  Avi.'ula  COcn'lLtn)  HO^Hali-.  /,  CtfBiUtea  nodoiiu. 

<'f/)/ialajioila,  CVratiti's  nodosiia,  Fqrs.  gr.  22,/;   Nautilus  hexagraulie, 

Ton*,  gr.  22,  e  ;  N.  hirundo. 

Krkinifiermata,  Eiicrinus  lilliformii;,  Fo«a.  gr.  S2,  a ;  Ophion  piisca, 

0.  scuttillato. 
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Fish^  Acrodiis  Gaillardoti  ;  Ceratodus  heteromorphus ;  Hybodiis 
Mougeoti  and  major ;  Pemphix  Suensi  ;  Sauricbtbys  apicalis  and 
coAtatus. 

RepiUsy   Notbosaums  ;  Simosaurus. — ( Vogt). 

3.  Keuper.  Mames  irisdes  of  the  French.  Principally  red  and 
green  marl,  but  is  locally  divisible  into  three  sub-groups,  namely  : — 

c.  Keuper  sandstone  of  a  yellowish  white,  sometimes  green  and  red- 
dish colour,  containing  Calamites  and  other  plants. 

h,  Keuper  marls,  with  gypsum  and  dolomite,  containing  Coprolites, 
Fish,  and  Saurian  bones,  scales,  and  teeth. 

a,  Lettenkohle  (clay  coal)  group,  a  dark  gray  shale  or  gray  sandstone, 
containing  small  irregular  beds  of  impure  earthy  coal,  with  re- 
mains of  Mastodonsaurus  (Labyrinthodon),  Gervillia,  Lingula,  and 
Estheria. 

This  latter  group  rests  directly  on  the  Muschelkalk,  and  seems, 
from  its  animal  remains,  to  belong  to  it,  but  its  plants  are  those  of  the 
Keuper. 

Characteristic  Fossils  of  the  Keuper. 

Plants^    Calamites    arenaceus  ;    Equisetites ;    Pterophyllum    Jaegeri, 

and  Munsteri  ;  Nilsonia. 
Crustacea,  Estheria  minuta. 

Reptiles,  Mastodonsaurus  (Labyrinthodon),  Capitosaurus. 
Mammal,   Microlestes  antiquus. 

Near  Stuttgart,  and  in  other  parts  of  Germany,  the  Keuper  sand- 
stone is  capped  by  a  layer  of  sandstone  breccia,  full  of  the  remains  of 
Saurians  and  Fish  in  fragments,  exactly  like  that  known  in  England  as 
the  "  bone  bed." 

In  the  Supplement  of  Sir  C.  LyelFs  Manual,  published  in  1857, 
there  are  described  a  number  of  beds  which  contain  a  mixture  of  fossil 
forms  belonging  to  Palcoozoic  and  Mesozoic  types. 

Near  Hallstatt  (south-east  of  Salzburg),  on  the  north  side  of  the 
Austrian  Alps,  and  at  St.  Cassian  on  the  south  side,  are  a  set  of  beds 
composed  of  red,  pink,  and  white  marble,  from  800  to  1000  feet  in 
thickness,  and  containing  more  than  800  species  of  fossils. 

These  species  are  mostly  peculiar  to  the  Hallstatt  and  St  Cassian 
beds,  but  they  belong  to  genera,  some  of  which  are  only  to  be  found 
elsewhere  in  beds  belonging  to  the  Falocozoic  rocks,  wliile  others  are 
equally  confined  to  beds  of  Mesozoic  age,  as  \a  shewn  in  the  following 
table : — 
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Palaeozoic  Genera. 

1 

Triasric  Oexera. 

■ 

Mnoaoic  Gesib&a. 

Cvrtocenis. 

CVratiteft. 

Ammonites 

OillKK-eras. 

S<?()lio8tomtt. 

Belemnites. 

Ouuijititea. 

Naticella. 

Nerinsoa. 

Loxoiiciiia. 

Platystonia. 

OpLs. 

IIoloiK'lla. 

li^oarca. 

Cardita. 

Murchisonia. 

Pleurophonis. 

Trigonia. 

Kuuiiiphalus. 

Myophoria. 

Myoconchus. 

Porci'Uia. 

Monotis. 

Ostraea. 

Mej^altKltm. 

Koiiiiickia. 

Plicatula. 

Cyrtia. 

Thecidimu. 

"  TIic  first  c^jlumn  marks  the  last  appearance  of  aeveial  genera 
wliich  are  characteristic  of  Palaeozoic  strata.  The  second  shews  tboee 
genera  whicli  arc  characteristic  of  the  U])])er  Trias,  either  as  peculiar 
to  it  or  as  reaching  their  luaxiuiuni  of  development  at  this  era.  The 
third  column  marks  the  first  appearance  of  genera  destined  to  become 
more  abumlant  in  later  ages." — {LytlV%  Sni>iyUmtnt^ 

Underneath  the  Hallstatt  and  St.  Cassian  beds  are  others  called  the 

Guttenstein  aii<l  Werfen  ]>e<ls,  containing  CeraiiU%  castianuSy  Jfyaatfs 

fassaetisU^  yaticella  costata,  etc.     They  consist  of — 

Feet. 

A.  Outtenstein  beds,  black  and  gray  limestone,  alterna- 
ting with  retl  and  given  shale      .  .  .160 

'/.  Werfen  IkkIs,  re<l  and  green  shale  and  sandstone, 
with  gyj)sum  and  rock  salt. 

It  is  yet  doubtful  whether  these  are  only  a  lower  portion  of  the 
St.  Cassiiui  beds,  or  are  to  be  considered  as  e([uiyalentB  of  the  Lower 
Trias. 

Over  the  St.  Cassian  IhmIs  again  come  2000  feet  of  white  or  grayish 
limestone,  kno>^ni  as  the  Dachstein  beds,  and  above  these  60  feet  of 
gray  and  black  limestone  with  calcareous  marls,  called  the  Kcessen  beds, 
or  Upi>er  St.  Cassian,  by  M.M.  Escher  and  Merian.  Each  of  these 
grou|)s  contains  a  |)eculiar  set  of  fossils  of  a  character  which  renders 
it  uncertain  whether  they  should  be  classed  as  Upper  Triassic  or  as 
Lower  Liassic  groups. 

The  Dach  stein  beds  are  unfoasiliferous  below,  but  the  upper  portion 
contains  beds  entirely  made  up  of  Corals  (Lithostrotion),  and  othen, 
containing  Hcmicardium  Wulferi,  Megalodon  triqueter,  and  other  laige 
bivalves. 
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The  KcBSsen  beds  contain  as  characteristic  fossils,  Avicula  contorta 
and  insequivalvis,  Pecten  Valoniensis,  Cardium  Bheticnm,  Spirifera 
Munsteri,  together  with  many  Brachiopoda,  some  peculiar,  a  few  found 
in  the  Lias.  ''  According  to  Mr.  Suess,  the  Kcessen  beds  correspond 
to  the  upper  bone  bed  of  Swabia." — {LyelVs  Supplement), 

It  appears  most  probable  that  we  may  class  these  formations  as 
follows  : — 

1^  (  KcDssen  or  Upper  St.  Cassian  beds. 

*^'     (  Dachstein  beds. 


Bunter. 


1^  HaUstadt  and  St.  Cassian  beds. 


Keuper. 


Bunter. 


s  Guttenstein  beds. 
(  Werfen  beds. 

How  far  the  beds  may  be  continuous,  or  what  gaps  may  be  unrepre- 
sented among  them,  remains  doubtful.  It  is  possible  the  Muschelkalk 
should  be  intercalated  between  two  of  them,  and  that  all  these  may 
be  merely  a  few  isolated  fragments  of  the  series  that  might  have  been 
deposited  during  a  vast  imperfectly  represented  interval. 

Great  Britain, — In  our  own  country  it  is  certain  that  the  series  is 
hereabouts  very  imperfect.  The  beds  we  have,  however,  are  the 
following  : — 

Feet. 

5.  Red  marls,  with  rock  salt  and  gypsum  1000 
4.  White   and   brown    sandstones,  with  beds 

of  red  marl  (Waterstones)            .              .  300 

(  3.  Upper  red  and  mottled  sandstone  .             .  600 

>[  2.  Pebble  beds  or  uncompacted  conglomerates  600 

(  1.  Lower  red  and  mottled  sandstone  .             .  260 

The  thicknesses  given  above  are  the  maxima  ever  supposed  to  be 
attained  by  the  several  groups,  those  maxima  never  existing  together  in 
any  one  place,  so  that  the  average  maximum  thickness  of  the  whole 
does  not  probably  exceed  1000  or  1500  feet 

The  "  Bunter"  sandstones  are  generally  soft,  "  brick-red,"  thick - 
bedded  sandstones,  with  much  oblique  lamination,  and  occasional  thin 
bands  of  clay  or  marL     Green  or  white  blotches  occur  here  and  there. 

Thick  beds  of  quortzose  gravel  occur  in  it  frequently,  sometimes 
compacted  into  a  regular  conglomerate,  but  often  loose  and  incoherent, 
so  as  to  appear  like  "  drift"  {Mems.  O.  S.,  South  StaflF.  coal-field).  These 
"  pebble  beds"  occur  about  the  middle  of  the  group,  but  sometimes  form 
its  base,  to  the  exclusion  of  any  part  of  No.  1.  Like  all  conglome- 
rates, th^  are  very  capricious  in  their  occurrence,  setting  in  and  ending 
quite  suddenly.     Beds  of  marl  are  sometimes  associated  with  them. 

The  "Keuper"  beds  have  almost  invariably  the  "waterstone" 
subdivision  at  their  base,  often  containing  beds  of  white  sandstone, 
which  are  used  for  bmlding  stone. 
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The  red  clays  or  marls  above  these  contain  frequently  beds  of 

gypsuin,  and  sometimes  beds  of  rock  salt,  which  are  often  as  much  as 

80  or  100  feet  in  thickness.     Tlicse  are  worked  largely  in  the  centre  of 

Cheshire,  and  have  also  been  pierced  at  Duncrae,  near  Carrickfeigos, 

in  county  Antrim.     The  brine  springs  of  Droitwich  in  WorcesterBhize, 

of  Shirleyw^'ch  in  Staffordshire,  and  other  places,  are  derived  from  snch 

beds.      Li   Cheshire,  near  North wich,  the   following  section  ahews  a 

part  of  the  thickness  of  these  beds  : — 

Feet 
Upper  strata  (marl,  etc.)         .  .  .         .  127 


1  st  bed  of  ix>ck  salt 

Indurateil  marl  (locally  called  stone) 

2d  bed  of  rock  salt        . 

Indurated  marls,  with  thin  beds  of  salt 


85 

30 

106 

151 

499 


Over  this  thickness  of  500  feet,  are  other  beds  of  marl,  etc,  before 
we  reach  the  base  of  the  Litis,  and,  imder  it,  are  other  marls,  so  that 
the  entii-e  depth  of  this  group  nmst  })e  700  feet  with,  or  500  without, 
the  salt. — {Ormerod  on  C/itshire^  Geolo(fical  Journal,  vol.  iv.) 

Sixtion,  fig.  117,  p.  545,  deduced  from  the  maps  and  sections  of 
the  Geologiail  Sur\'ey,  shews  these  beds  as  they  occur  in  north  Wor- 
cestershire, to  the  southward  of  the  South  Staffordshire  coalfield. 
They  rest  here  ui)oii  the  Peiiuian  trappean  conglomerates  h,  and  after 
dipping  gently  to  the  south  for  some  miles,  are  finally  covered  by  the 
base  of  the  Lias  i.  In  this  section  the  pebble  beds  of  the  Banter  e 
rest  directly  on  the  Pennian  r,  but  a  subdivision  rf,  is  introduced  be- 
neath them,  to  represent  the  Lower  Soft  retl  sandstone  ;  as  in  north 
Staffordshire,  it  occurs  ^ith  a  thickness  of  500  feet,  as  shewn  in  sheet 
54  of  the  Hor.  Sec.  G.  S.  It  is,  however,  quite  possible  that  these 
variations  are  simply  the  result  of  the  absence  of  pebbles  in  one 
locality,  and  their  presence  in  another,  in  the  same  beds  of  sand. 

Irdand. — Tlie  section  in  Ireland  is  as  follows  : — 


Feet 

Red  marls,  with  gypsum 

500 

Red  salt       .... 

22 

Marl  and  salt 

26 

Pure  rock  salt      .          .          .          . 

84 

Mixed  rock  salt 

14 

Pure  rock  salt       .         .          .         . 

39 

Blue  bands  and  freestone,  etc 

25 

700 

i 


{See  paper  hy  Mr.  J.  B.  Doyle,  in  J.  OeoL  Sac,,  Duh,,  vol.  v.) 
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These  have  other  beds  of  red  marl  above  them,  about  100  or  15 'J 
feet  thick,  over  which  is  the  base  of  the  Lias. 

Underneath  these  red  marl  beds  of  the  valley  of  the  Lagan 
occnr  red  sandstones  belonging  to  the  Bunter  series,  which  have  been 
sunk  into,  near  Lisbom,  in  search  of  water,  for  a  depth  of  over  500 
feet,  without  reaching  their  base. — {See  section^  Jig,  122.) 

Avicula  Contorta  Zone,  or  Rhoetic  Bed^, — Dr.  Wright  of  Chelt^ham 
has  lately  described  (§.  J,  Oeol.  Soc.,  voL  ivL)  as  the  uppermost  part  of 
the  Keuper  some  beds  in  the  south  of  England  that  had  hitherto  been 
classed  with  the  Lias.  They  are  perhaps  properly  intermediate  between 
the  two,  and  are  certainly  contemporaneous  with  the  '*  Kossencr  schich- 
ten"  of  Guep  (or  Upper  St.  Cassian  of  Escher  and  Merian).  They  may 
be  well  seen  at  Qarden  Cliff,  on  the  Severn,  near  Westbury,  where, 
above  the  red  and  gray  shales  of  the  ordinary  red  marl  series,  there  is  a 
set  of  black  and  dark  gray  shales  about  35  feet  thick,  containing  the 
Bone  bed,  1  inch  thick,  and  capped  by  the  gray  Lias  limestone.  They 
may  be  seen  also  at  other  places  in  the  neighbourhood,  and  in  War- 
wickshire and  Staffordshire,  in  which  latter  locality  (north  of  Abbotts 
Bromley)  they  were  visited  by  myself,  and  described  as  Lias  in  the  year 
1849,  and  afterwards  mapped  by  my  colleague  Mr.  HowelL 

These  beds  are  also  represented  in  the  north  of  Ireland  at  Lisna- 
grib  and  Derrymore,  by  dark  shales  and  grits,  with  some  of  the  charac- 
teristic fossils  of  the  group. — (General  Portlock's  Report  on  Londonderry, 
etc.,  p.  105.) 

Characteristic  Fossils, — ^Very  few  fossils  have  been  found  in  any 
part  of  the  New  Red  Sandstone  of  the  British  islands.  Tracks,  how- 
ever, of  several  kinds  of  reptile  have  been  found — among  others,  those 
of  the  one  formerly  called  Oheirotherium,  £rom  the  likeness  of  its  foot 
to  the  human  hand,  but  since  named  Labyrinthodon,  from  the  structure 
of  its  tooth.  These  impressions  have  been  met  with  also,  I  believe, 
in  Permian  sandstones. 

Fig.  a  in  the  Fossil  Qroup  23,  is  a  reduced  representation  of  these 
foot-tracks,  h  and  c  being  the  skull  and  tooth  of  the  animal  supposed  to 
have  caused  them.  Other  tracks  were  exhibited  from  some  of  the 
sandstones  of  Staffordshire,  by  the  Rev.  W.  Lister  of  Bushbury,  at  the 
meeting  of  the  British  Association  at  Oxford  in  I860. 

Fragments  of  fossil  wood  are  often  found  in  the  sandstones,  inter- 
stratified  with  the  red  marls  of  the  Keuper,  and  the  fossil  fish  figured 
in  Foss.  gr.  23,  d,  was  procured  from  the  same  beds,  and  describ^  by 
Sir  P.  Egerton  in  Q,  J,  Oeol,  Soc,,  vol.  x.  Hybodus  Keuperinus  also 
may  be  mentioned  as  found  in  these  beds,  and  the  teeth  of  the  mam- 
malian Microlestesy  near  Frome,  by  Mr.  C.  Moore. 

The  following  fosails  are  characteristic  of  the  Rheetic  beds  (see  also 
Mr.  C.  Moore's  paper  on  these  beds,  in  Q.  J.  Q.  S.,  voL  xviL) 
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Avieula  conlorta    . 
Canliuiu  Rhsticum 
Modiiiln  mmima 
Moniitis  deciusala 
Ostm.'iL  liafsicfu 
Pecten  Valoniensis. 


Port.  O.  R,  L  86,  A. 

tPhiiiG.  r^tii.fig.:. 

Sow.  H.  C  »10. 
Qoltihm. 

Port.  O.  R,  t  85,  A. 


Eatheria  minuta 


Qeol.  Tr.,  vol.  Tt  t  88. 


AcTodnB  acutiu  and  minuuus 
Ceratodua  &lti]s,  and  five  others 
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Hybodos  minor,  and  four  others 

Nemacanthus  monilifer   .  ^Agassiz. 

SaurichthyB  apicalis 


} 


Lie  and  Position  of  the  New  Bed  Sandstone  of  the  British  Islands, — 
The  red  rocks  just  described  rest  quite  unconformably  and  indiscnmin- 
ately  upon  all  or  any  of  the  groups  of  rocks  mentioned  in  the  previous 
chapters.  The  Palseozoic  rocks  of  the  British  Islands  had  been  tilted, 
contorted,  and  fractured,  in  various  directions,  and  had  suffered  repeat- 
edly and  enormously  from  denudation  before  the  deposition  of  the  New 
Red  Sandstone.  The  broken  and  varied  surface  which  the  Palseozoic 
rocks  generally  possess  had  been  produced  on  them,  either  completely 
or  veiy  approximately,  before  this  time.  The  New  Red  Sandstone 
reposes  upon  this  surface  usually  in  a  horizontal  or  slightly  inclined 
position,  thickly  where  that  old  surface  is  deeply  buried,  more  thinly 
as  it  rises  towards  the  present  surface  of  the  ground.  Where  the 
Palsaozoic  rocks  rise  out  of  it  into  hills  or  moimtains,  the  New  Red 
Sandstone  sweeps  roimd  their  margin  with  a  flat  or  gently  undulating 
surface.  In  many  cases  the  New  Red  Sandstone  ends  abruptly  against 
the  Palaeozoic  ground,  either  from  having  been  deposited  against  a  cliff 
of  the  older  rocks,  or  from  its  having  been  made  to  abut  against  them 
by  subsequent  large  faults  and  dislocations. 

The  New  Red  Sandstone  thus  surrounds  the  great  Pennine  cliain 
of  the  north  of  England,  from  Lancashire  through  Cheshire  into 
Shropshire,  Staffordshire,  Leicestershire,  and  Nottinghamshire,  and 
runs  down  the  vale  of  York  to  the  coasts  of  Durham.  It  bounds,  in 
the  same  wav,  the  Palaaozoic  rocks  of  Wales  from  the  mouth  of  the 
Dee  to  that  of  the  Severn,  and  runs  thence  through  Somerset  and 
Devon  to  the  mouth  of  the  Exe. 

If  we  draw  a  slightly  sinuous  line  from  the  mouth  of  the  Tees 
through  the  centre  of  England  to  the  mouth  of  the  Exe,  we  should,  as 
remarked  by  Dr.  Buckland  in  his  Bridgewater  Treatise,  divide  England 
into  two  totally  dissimilar  parts,  in  which  the  form  and  aspect  of  the 
ground,  and  the  condition  and  employments  of  the  people,  were  alike 
contrasted  with  each  other.  The  part  to  the  north-west  of  this  line  is 
chiefly  Palaeozoic  ground,  often  wild,  barren,  and  mountainous,  but  in 
many  places  fidl  of  mineral  wealth  ;  the  part  to  the  south-cast  of  it  is 
Secondary  and  Tertiary  groimd,  and  generally  soft  and  gentle  in  out- 
line, with  little  or  no  wealth  beneath  the  soil.  The  mining  and  manu- 
facturing popidations  are  to  be  found  in  the  first  district,  the  working 
people  of  the  latter  are  chiefly  agriculturists. 

In  Ireland  the  lie  and  position  of  the  New  Red  Sandstone  is  very 
interesting  and  characteristic.  If  the  reader  will  place  before  him  the 
north-east  part  of  Sir  R.  Griffith's  excellent  geological  map  of  Ireland, 
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he  will  see  that  .the  New  Red  Sandstone  is  confined  to  the  county 
Antrim  and  its  iiiiiuediate  borders.  If  he  will  follow  with  his  eye  the 
boiindury  of  the  formation,  he  will  see  all  the  Palsoozoic  rocks  coming 
out  from  iiudenieatli  it  in  ditfercnt  places.  The  Metamorphic  and 
Granitic  rocks,  }>artly  covenxl  by  Old  Ked  Sandstone,  rise  from  under 
it  in  Londonderr}',  striking  north-east  and  south-west^  that  strike  being 
continued  beneath  the  New  Red,  as  appears  by  the  occurrence  of  the 
same  rocks  in  the  north-east  comer  of  Antrim,  near  Chishendall,  where 
the  upper  rocks  have  been  subsequently  removed  from  theuL 

Farther  soutli,  about  Dungamion,  different  portions  of  the  Oar- 
boniferous  rocks  come  U)  the  surface  from  beneath  the  New  Bed  cover- 
ing, while  along  the  south-east  side  of  the  valley  of  the  Lagan  we  find 
the  dark  slat^  and  grits  of  the  Lower  Silurian  formation  rising  from 
beneath  it.  Just  on  the  south-east  side  of  Belfast  Lough|  however, 
between  Cultra  and  Holywoul,  the  lowest  of  the  Carboniferous  rocks 
appear,  resting  unconformably  on  the  Lower  Silurians,  but  dipping  at 
a  high  angle  to  tlie  north-west  beneath  the  waters  of  the  Lough. 

On  the  ojtposite  shore  tlie  New  Red  and  superior  beds  lie  as  shewn 
in  the  section,  fig.  122,  in  a  nearly  horizontal  position,  and  no  place 
is  known  where  the  Secondary  beds  lie  for  any  distance  in  any 
other  position.  From  these  facts  it  is  clear  that  the  New  Red  Sand- 
stone of  tlie  north-east  of  Ireland  rests  as  a  great  flat  cake  upon  the  old 
surface  of  the  Palaeozoic  nx-ks,  the  beds  of  which  lie  beneath  that 
surface  in  a  similarly  contorted  and  greatly  denuded  condition  to 
that  in  which  tliey  arc  foimd  outside  the  New  Red  Sandstone.  The 
New  Red  Sandstone  itself  was  formerly  more  extensive  than  it  is  now, 
covering,  in  liorizonttd  sheets,  much  of  the  country  outside  its  present 
boundary  ;  and  did  tliat  old  extension  now  exist,  and  if  pits  were  simk 
through  it,  it  is  plain  that  they  could  come  down  on  to  Silurian  beds  at 
one  place,  on  to  ^licA  Schist  or  Qranite  at  another,  on  to  Old  Bed 
Sandstone  or  Carboniferous  Limestone  in  other  places,  and  only  in  one 
or  tAvo  small  localities  would  Coal-measures  be  met  with. 

What  would  have  been  tnie  of  the  extension  of  the  New  Bed 
Sandstone,  had  it  l>een  left  imdenuded,  is  true  now  of  the  part  that 
remains.  The  section  in  fig.  122  shews  in  its  lower  part  the  un- 
dulating beds  and  the  old  surface  of  denudation  of  the  F^Jseoxoic 
rocks  beneath  the  horizontal  beds  of  the  New  Bed  Sandstone,  li  a 
shaft  were  anywhere  sunk  through  these  horizontal  beds  down  to  that 
old  surface,  it  is  impossible  to  say,  ^vith  any  hope  of  correctness,  what 
Palaeozoic  rock  would  be  the  one  met  with  beneath  that  surface,  in 
that  locality.  It  might  happen  to  be  a  little  basin  of  (Doal-measures, 
and  if  so,  there  is  a  possibility  of  these  Coal-measures  containing  beds 
of  coal,  but  there  is  also  a  possibility  of  their  being  Coal-meaaureB 
without  coaL     There  would,  however,  be  at  least  an  equal  chance  that 
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the  rock  found  below  the  old  Palaoozoic  surface  should  be  anj  one  of  the 
other  Palaeozoic  rocks  above  enumerated,  namely — 1,  The  Carboniferous 
limestone  ;  2,  the  Lower  Limestone  shale  ;  3,  the  Old  Red  Sandstone  ; 
4,  the  Lower  Silurian  rocks  unaltered  ;  or,  5,  the  Mica  Schist  of  Lon- 
donderry, which  is  probably  a  metamorphosed  Lower  Silurian  rock. 
The  chances,  then,  would  be  at  least  six  to  one  ^  against  the  probability 
of  Coal-measures  with  coal  being  found  beneath  the  part  in  which  the 
shaft  was  sunk. 

The  great  practical  importance  of  studying  the  unconformability  of 
the  New  Red  Sandstone  on  the  Pakeozoic  rocks  below  it,  and  the  vast 
denudation  which  these  rocks  sufifered  before  the  New  Red  Sandstone 
was  deposited,  cannot  be  too  strongly  impressed  on  the  mind  of  the 
student.  It  is  one  of  the  chief  points  in  the  practical  applications  of 
Geology  in  the  British  Islands,  both  for  the  purpose  of  guarding  against 
a  wastefid  expenditure  of  money  in  rash  enterprises,  and  for  directing 
it  where  enterprise  may  have  a  chance  of  being  successful 


Life  of  the  Period. 

It  will  be  obvious  from  what  has  been  said  of  the  broken  and 
imperfect  character  of  the  rock  groups  that  are  known  to  have  been 
formed  in  this  period,  that  our  knowledge  of  its  forms  of  life  must  be 
very  imperfect  This  knowledge,  however,  is  still  more  imperfect,  iii 
consequence  of  the  nature  of  these  rocks,  which  are  cliiefly  red  sand- 
stones and  marls,  the  red  colour  being  due  to  the  presence  of  peroxide 
of  iron,  which  seems  to  have  been  always  ill-adapted  to  the  preservation 
of  organic  remains. 

We  may  mention  the  following  genera,  as  among  those  which 
apparently  made  their  first  appearance  during  the  period,  those  marked 
with  an  asterisk  being  confined  to  it 

Plants,  ^thophyllum,  Albertia,  Anomopteris,  Dictyophyllum,  Ptero- 

phyllum. 
Brachiopoday  ^Koninckia,  Thecidium. 
Conchifera,  Qervillia,  •Isoarca,  Myoconchus,  •Myophoria,  Opis,  Ostreea, 

Plicatula,  Trigonia. 
Oasterapoda,  Naticella,  Nerinsoa,  •Platystoma,  *Scoliostoma. 
Cephalopoda,  Ammonites,  Belemnites,  *Ceratites. 
Echinodermata,  ♦Encrinus,  Ophiura. 
Fish,  Acrodus,  •Ceratodus,  *Dipteronotus,  Hybodus,  •Saurichthys. 

1  This,  of  conne,  would  not  hold  good  for  the  New  Red  ground  close  to  and  in  the 
■trike  of  the  little  Coal  UUnd  Coalfield,  while  the  odds  againat  coal  wonld  he  ftOl  hi^er 
towards  Portadown,  on  the  one  side,  or  If  oneymore  on  the  other. 
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Reptilt's^  *Cla(ly<xloii,  *Dicyn(xlon,   ?  *Labyrmthodon,   ^Notbosaunu, 

♦RhvTicliosaurus. 
BirdSi  Tmckfl  of,  in  America. 
Mmn  jnals,  *Microlostos. 

£vfii  of  those  above  inontioned,  many  only  appear  in  tbe  HalLrtadt 
and  St.  CaB8ian  IxhIs,  an,  for  instance,  Thecideum,  Ostnea,  Flicatola,  Tri- 
gonia,  Aminonit<^rt,  and  Bek'innite.'^,  which  in  our  own  region  do  not 
occur  in  rockn  of  an  earlier  date  than  those  of  the  Oolitic  period. 

The  Cephalo^xxlous  genui^,  Ceratitcs,  which  is  abundant  in  the  Mus- 
chelkalk,  fomis  a  remarkable  link  between  the  palsoozoic  Qomiatites 
and  tht;  meftoz<iic  Ammonite^i.  The  echinoderm  Encrinus  or  typical  sea 
HUy,  is  alflo  a  Muiiichelkalk  genus. 

Of  tlic  Fish,  all  except  Dipteronotus  have  been  found  only  in 
the  l^Tie  bed,  aa  to  which  there  is  still  some  dispute  whether  it  be 
reallv  Trias-sic  or  Liassic. 

Of  the  Reptiles,  the  Cladyodon  and  Rhynchosaums,  from  the 
Keu}KT  marls  and  sjindstoues  of  Warwick  and  Shropshires,  are  allied 
to  Palanisaunis,  an<l  shew  some  analogy  to  the  Dicynodon  which 
<omes  fi'fun  tlu?  ('a]>e  of  (»oo<l  Hoi>e  colony,  whence  it  was  brought  by 
Mr.  Bain.  Dicyucxlou  had  two  great  canine  tusks  (whence  its  name), 
and  was  a  fresh-water  reptile  intennediatc  between  tlie  crocodile,  the 
tortoise,  and  the  lizanl.  The  Labyrinthodonts,  of  which  many  syno- 
nyms have  been  proposed  in  Germany  (such  as  Capitosaurue,  Masto- 
donsaurus  and  Tivmatosaurus),  were  reptiles  "  having  the  essential  bony 
characters  of  the  modem  Batrachi'a,  but  combining  those  with  other 
bony  characters  of  cix>codiles,  lizards,  and  ganoid  fishes,  and  exhibiting 
all  under  a  bulk  which,  as  imule  manifest  by  the  fossils  and  footprints, 
rivalled  that  of  the  lar^'est  crocodiles  of  the  present  day." — {Owen's 
Pabroutolo*ji/).  Nothoftimnis,  with  other  allied  genera,  viz.,  Conchio- 
saunis,  Placodus,  Pistosaurus,  Simosaurus,  Sphcnosaurus,  Tanystropbeos, 
all  come  from  the  Muschelkalk  tuid  twsociated  beds  on  the  Conrinent. 
Tliey  are  placed  by  Owen  in  the  same  order  ^nth  the  Plesiosannis, 
which  came  into  existence  during  the  next  period. 

Binls  appear  to  have  existed  now,  though  the  only  evidence  for  it 
is  found  in  certain  great  tracks  in  tlie  sandstones  of  the  Connecticut 
river  in  North  America.  Some  of  these  footprints,  which  are  un- 
doubt<»dly  thos(»  of  biixls,  are  20  inches  long,  and  4 J  feet  apart.  They 
•K?cur  by  thousands  over  a  space  80  miles  across,  and  through  a  thick- 
ness of  rock  of  nu>re  than  1000  feet  {LyelVs  Manual),  These  sandstones 
are  now  believetl  t^)  1m*  of  the  same  peri<xl  as  the  Keuper  of  Germany. 

From  this  same  Keuper,  both  near  Stutgardt  and  near  Frome  in 
Somerset,  small  manmialian  teeth  liave  been  procured  ;  Mr.  C.  Moore 
being  the  discoverer  of  the  latter.    They  are  said  by  Owen  to  have  been 
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most  probably  the  teeth  of  a  small  marsupial  insectivorous  animal 
something  like  the  living  Myrmecobius  of  Australia. 

After  the  close  of  the  Triassic  period,  the  following  genera  dating 
from  earlier  times  become  quite  extinct.* 

Brachiopoda,  Cjrrtia,  S  ;  Strophalosia,  C. 

Conchiferay  Megalodon,  D  ;  Pleurophorus,  C. 

Oasteropoda,  Euomphalus,  S  ;    Holopella,  S  ;    Loxonema,  S  ;  Murchi- 

sonia,  S. 
Pteropoday  Bellerophon  (Porcellia),  S. 
Cejyhalopoday  Cyrtoceras,  S ;  Goniatites,  C  ;  Orthoceras,  S. 
Reptiles, — ^The  Labyrinthodont  order,  P  (supposing  this  to  have  been  in 

existence  in  the  Permian  period). 

Most  of  the  genera  just  mentioned,  indeed,  would,  if  they  had  not 
been  foimd  in  the  St.  Cassian  beds,  have  been  taken  as  extinct  at  the 
close  of  the  Palaeozoic  epoch,  as  will  be  seen  by  reference  to  the  first 
column  of  the  table  on  p.  552. 

*  The  capital  letera  after  these  genera  denote  the  jMriods  from  which  they  date,— 8 
standing  for  Silurian,  D  for  Devonian,  C  for  Carboniferous,  and  P  for  Pennian. 


CHAPTER    XXXIIL 

OOLITIC  OR  JURASSIC  PERIOD. 

Tut  rM.ki*  >\(qtf^\x^\  during  this  peri-jd  over  the  area  now  occupied  by 
the  RritL-*h  i.^sland-.  were  called  Oolitic,  becaose  in  the  part  where  they 
were  fir-.t  exaniiu^.-'l  and  des'^rilx:'!  bv  Dr.  W.  Smith,  ther  contained 
many  bf^rh  of  ^xjlitic  limestone.  On  the  Continent  thej  are  called 
Jurarfffic,  be<;au.f':  they  compcR<e  that  chain  of  mountainous  hills  sweeping 
round  the  north-we-ft  frontier  of  SiiHtzerland,  which  is  known  by  the 
name  of  the  Jura.  As  in  other  case?,  we  uae  the  designations  applied  to 
thont:  two  ((roiiim  of  rock  aA  the  name  aUo  of  the  period  during  which 
they  were  deiK;-<ited. 

Typical  Groups  of  Rock. 

tSfjuth  of  Einjlaixd. — It  has  been  shewn  in  section  fig.  117  that  the 
ui>])cr  1>e<lri  of  the  New  Red  Sandstone  |>ass  underneath  some  other  beds 
which  wen;  (tailed  Lian.  The  red  marb  of  Cheshire  and  those  in  the 
<^:ntre  of  Staffordshire  are  capped  by  isolated  patches  of  these  beds. 
Thow.  of  c^iuiity  Antrim  are  similarly  covered. 

If  we  followe<l  the  slightly  sinuous  line  mentioned  in  the  last  chap- 
ter as  running  frr^u  the  mouth  of  the  Tees  to  that  of  the  EIxe,  we  should 
find  wherever  the  rwUs  were  exposed  that  the  red  marls  of  the  New 
Itc<l  SandsUjue  (lipi>ed  gently  to  the  east  or  south-east,  and  were  in  that 
diniction  (M)vered  by  beds  of  dark  clay  or  shale  forming  the  base  of  the 
Lias. 

Fig.  II H  is  a  diagrammatic  representation  of  a  section  through  the 
0(>liti(j  Hcries  ma  it  occurs  in  Gloucestershire,  in  the  neighbourhood  of 
(/heltenham  and  tlio  Cottcswold  Hills.  It  is  based  on  sheet  59  of  the 
Hnr.  S<!<;.  of  the  G.  S.,  draw^n  by  Mr.  Hull,  and  sheet  14  drawn  by 
Profi'-HHor  lianisay  and  Mr.  Bristow. 

Tlie  thicknesses  of  these  ditlercnt  groups  are  the  maximum  thick- 
ncwHes  attained  in  different  parts  of  the  section  (No.  69)  above  mentioned ; 
some  variations  taking  place  within  the  limits  of  that  section  itself, 
which  is  more  than  thirty  miles  long,  and  still  greater  changes  occurring 
in  other  districts. 
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Fig.  1 1 9  is  a  diagrammatic  section  based  on  sheets  20  and  56  of  the 
Horizontal  Section  of  the  Qeological  Survey,  both  drawn  by  Mr.  Bristow, 
across  parts  of  Dorsetshire,  through  the  headlands  of  Portland  and 
Purbeck. 

It  shews  the  continuation  of  the  series  from  the  Oxford  clay  and 
Coral  rag,  given  in  fig.  118,  through  the  upper  part  of  the  Oolites  into 
the  Wealden  beds,  which  are  the  lower  part  of  the  Cretaceous  series 
above. 
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Fig.  118. 
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Diagram  inatic  Section  of  the  GloacesteTshire  Oolites. 

Feet. 

Feet 

k. 

Coral  rag 

- 

- 

50         «.  Inferior  Oolite 

236 

J- 

Oxfonl  clay     - 

- 

- 

500        d.  Upper  Lias  sand  and  shale     - 

300 

i. 

Cornbrash 

' 

- 

50         c  Marlstone        .... 

200 

h. 

Foreat  Marble 

- 

- 

40         b.  Lower  Lias  shale     - 

600 

g- 

Great  Oolite    - 

- 

- 

•200         a.  Red  marls  (Top  of  New  Red> 

/. 

Fuller's  Earth 

- 

- 

50 

By  the  examination  of  these,  and  many  other  similar  sections  in  the 
above-named  counties  and  their  neighbourhood,  we  are  enabled  to  con- 
struct the  following  table  of  the  succession  of  rock  groups  in  this  dis- 
trict.    By  studying  the  relations  of  these  rock  groups  to  each  other,  and  a 
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Fig.  119. 

Diagrammatic  Section  of  the  Dorsetshire  Oolit«s. 

Feet  Feet 

/.   Wealden  sands  and  clays       1400  e.   Kimmeridge  clay  560 

e.  Purbeck  beds     ...       196  h.  Coral  rag  .  300 

d.  Portland  stone  and  sands         250  a.  Oxford  clay      ...  600 

comparison  of  the  organic  remains  contained  in  them,  we  are  also 
enabled  to  throw  some  of  them  together  into  larger  groups  which  have 
a  wider  range,  while,  on  the  other  hand,  by  examination  of  each  group 
in  any  particular  locality,  we  may  subdivide  it  into  smaller  sets  of 
beds  that  are  only  to  be  recognised  in  that  particular  locality.     The 
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thickuesscfl  assi'^ned  mav  be  taken  as  the  meaxiB  of  the  maxima  in  dif- 
ferent  ])lace.s  : — 

I'.'t't.  Feet. 

12.   l^irK-ck  beds    .      150  ] 
11.   Portland  beds    .      170  J^  D.  PORTLAND  OR  IJPFEB  OOLITES    .      900 

10.   KiiniiU'ridge  clay  600  j 

I).  (V.ml  rag     .     .     1^80  ^  ^,  qxford  or  Middle  Ooolites    .     800 
t*.  Oxford  clay  .     . 
7.  (.V>nibr.i<h    .     . 

6.  Gnat  0..1ite      .      j^H  £.  j,^,^  ^^  Lo^^  O0LITE8      .     .     600 

5.  riilJer>  earth    .      '  '^^  ' 

4.  Inferior  Oolite  . 

3.  L'i)iH'r  Lian  .     . 

±  Marl>toiu»     .     .     200  ]-  A.  The  Llas 900 

1.  Lower  Lias  . 


Total     .     .  3200 


It  W(»uld  nut  be  an  nnnatural  claf(8iiication  of  the  rock  groups  if  we 
were  to  take  the  Lidg^  the  Oj'ford  Cltn/j  and  the  Kimmeridye  Clajf,  as 
the  tlii'ee  great  elay  d^'posits  of  the  aeries,  each  capped  by  a  variable  and 
niin<M"  grou])  of  sinds  and  limestones,  the  Lias  forming  the  base  of  the 
Batli  Onlites,  the  Oxfonl  clay  the  base  of  the  Coral  rag,  and  the  Kim- 
nieridge  clay  the  ba<e  of  the  Portland  Oddites. 

The  Piirl>eck  be<ls  wei-e  at  one  time  grouped  with  the  Wealden  beds 
above  them,  an  arrangement  that  is  not  without  good  arguments  in  its 
lavonr. 

-1.  The  Lias. — Essentially  a  great  clay  deposit,  ^ith  occasional 
bands  of  a  peculiar  comiwct  argillaceous  limestone  near  the  bottom,  and 
a  calcareo-argillaceous  sandstone  near  the  middle,  with  a  loose  sandy 
tleposit  at  t(»]>  connecting  it  with  the  gnmp  aljove. 

.11.  Lower  Lias.  At  the  top  of  the  rt^  imirls  of  the  Triassic  group 
is  a  little  layer  of  hard  sanih*tone  full  of  fragments  of  bones  and  t^^eth 
oi  vejitiles  and  fish.  In  s(mie  places  bones  of  Keuper  reptiles  have  been 
-ieen  in  it,  and  the  layer  therefore  referred  to  the  Trias ;  in  other  places 
it  is  full  of  un(h»ubted  Lias  fossils.  It  is  probable  that  there  is  in  reality 
more  than  one  bone  bed,  the  diminutive  representative  of  those  great 
IMissage  b«.'(ls  between  the  Trias  and  the  Lias,  which  are  found  at  Dacb- 
st<;in  and  Kccssen  to  have  a  thickness  of  upwards  of  2000  feet 

lu  some  places  the  black  shales  of  the  Lower  Lias  rest  on  the  red 
marls  without  any  bone  bed  and  without  any  limestone,  while  in  others 
a  group  of  limestones  int^rstratified  with  clays,  having  a  thickness  of  20 
t«)  5 1)  feet,  is  seen.  Over  these  limestones  occur  the  ordiiuiiy  blue  clays 
of  which  the  Lower  Lias  is  generally  composed. 
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A  2.  The  Marlstone  is  a  well-marked  division  of  the  Lias,  being 
more  arenaceous  than  the  rest  of  the  formation,  and  often  bound  by 
calcareous  or  ferruginous  cement  into  a  hard  stone.  In  Gloucestershire 
it  is  divisible  into  the  hard  "rock  bed"  above,  and  the  sands,  often 
rather  argillaceous,  below. 

It  fi-equently  contains  bands  of  ironstone,  which  have  of  late  years 
been  largely  quarried  both  in  the  north  and  south  of  England. 

A  3.  Upper  Lias.  This  consists  of  a  great  thickness  of  blue  clay, 
over  which  are  some  brown  and  yellow  sands,  hitherto  classed  with  the 
Inferior  Oolite,  but  separated  from  it  on  good  Pala)ontological  e\'idence 
by  Dr.  Wright  of  Cheltenham,*  and  called  by  him  Upper  Lias  sands, 
capped  by  a  particular  band  called  the  "  Cephalopoda  bed,"  from  the 
abundance  of  those  fossils  which  it  contained. 

The  Upper  Lias  day,  which  is  in  some  places  300  feet  thick,  thins 
out  towards  the  south,  so  that  at  Uleybury  it  is  only  70  feet  thick,  and 
at  Lansdown,  near  Bath,  it  disappears  altogether  {Sheet  14,  Horizontal 
Section  of  the  Geological  Survey^  Messrs,  Ramsay  and  Bristow), 

Characteristic  Fossils  of  the  Lias, — Each  of  the  subdivisions  of  the 
Lias  just  described  has  a  peculiar  assemblage  of  fossils  characteristic  of 
it  in  the  district  where  its  separation  from  the  rest  is  obvious.  Even 
the  Upper  Lias  sand  may  be  distinguished  paUeontologically  from  the 
Upper  Lias  clay  in  the  Gloucestershire  district,  and  has  been  so  separated 
by  Dr.  Wright  and  Mr.  Lycett.  These  subdivisions  have  more  than  a 
local  interest,  inasmuch  as  they  point  dLstinctly  to  changes  in  the  forms 
of  life,  and  therefore  to  vast  lapse  of  time  during  the  deposition  of  the 
beds.  The  limits  of  this  work,  however,  do  not  admit  of  the  details 
necessary  to  give  a  complete  account  of  these  subdivisions,  for  which  I 
must  refer  the  student  to  Dr.  Wright's  papers  in  the  Quarterly  Joirnial 
of  the  Oeohyical  Society, 

This  great  abundance  of  fossils  in  the  Lias,  however,  makes  it  diffi- 
cult to  select  any  short  list  of  species  that  may  be  considered  more 
characteristic  of  the  formation  than  many  others  that  might  be  men- 
tioned. The  following,  however,  would  probably  be  included  in  any 
list : — 

Plants. 

Equisetites  Brodiei     .  .         Q.  J.  G.  S.  vi.,  p.  414. 

Otopteris  obtusa  .         .         .         Foss.  gr.  24,  a, 

PalsDozamia  Bechci  and  Bucklandi        QeoL  Tr.  i,  t  7. 

Foraminifera, 

Polymorphina  liassica  Q.  J.  G.  S.  ii,  p.  30. 

Spirilina  iofima  Ibid. 

*  Wright  on  **  Upper  Um  SmmU."— Jdnniai  cfOtUogiad  Socitty,  toL  zU. 
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Aetinotoa. 

TrocliocyftthuH  Moorei .  Pal.  Soc  Foaa.  Cor.* 

BracAiopoda. 
Leptiena  Moorei  .  Lyell'a  Man.,  fig.  404. 

Rliyncbonella  limosa   .  .  Fosa.  gr.  S4,/, 

— —  UtraheJra  .  .  .  Tab.  View. 

Spirifura  Walcottii  Foss.  gr.  24,  d. 

Terebratula  immiamalis        .         Foaa.  gr.  24,  r. 


a.  OlopterU  obWw.                        d 

b.  EitrMiinm  Briircus.                  t. 
c   Ophiodoram  Egtrtonl.                / 

Splrihr.  WiJcotUL 
RhynchoDelterimoH. 

Caiich  ifera. 

Avicula  cygnipes 

decoBsata 

Cardinia  Liateri 
Gryplittia  incurva 

Tab.  View. 
Fow.  gr.  25,  T. 
Tab.  View. 
Foss.gr.  25,  i. 

Fouaconla 
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Hippopodium  ponderosnm       Fobs.  gr.  S6,  c. 

Lima  (Plagioetonut)  gigantca    Tab.  V.  and  Lyell'B  Man.,  fig.  400. 

Modiola  scalprum  .  Pbillipa's  Hod.,  fig.  SOO. 

Oastercpot&i. 
Fholadomyn  ambigua  Son.  M.  C,  t.  227. 

HearotoiDaria  Anglica     .         Poss.  gr.  26,  d. 


e.% 


d.  PlcnTOtonurU  An^lca. 


Ctfhalopoda. 


T^b.  View. 

FoaB.gr.  28,/ 

heterophyllus 

Tab.  View. 

obhMUB 

Tab.  View. 

pLmicortatnB 

Tab.  View. 

BerpcDtmiu  . 

Tab.  Tiew. 

BelenmilCB  elongattu 

Fobs.  gr.  26,  (. 

tubularia 

Tab.  View. 

Tab.  View. 
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Dioclcnia  serialis 
Extmcrinus  Briareus 
OjjhicHlerma  Egertoni 
Uraster  Gaveyi 


Acrotlus  nubilL} 
i£chm(xlus  Leachii 
Dapedius  politus 
Hvbodus  reticulatus 


odfrmata, 

Phillips's  Man.,  fig.  194. 
Foss.  gr.  S4,  h. 
Foes.  gr.  24,  c. 
M.  G.  &,  Dec*  3. 


Fish. 


Lvell's  Man.,  tig.  412. 
LyelVs  Man.,  fig.  41 1. 
Tab.  View. 
Lyeirs  Man.,  fig.  413. 


Reptiles, 

Ichtlivosaiirus  conimimis   .  Tab.  V.  and  Lyell's  Man.,  etc. 
Plesiosaurua  dolichodeirus  lb,  lb. 

Pterodactyliis*  macronj'x  .  Geol.  Trans.,  voL  iii. 
Teleosaurus  ChapmannL 

B.  The  Bath  or  Lower  Oolites. 

4.  T/te  Inferior  Oolite  comprises  those  beds  which  come  next  above 
the  Cephalopoda  bed  of  the  Upper  Lias  sands,  and  thus  form  the 
lowest  group  of  the  Lower  Oolites.  According  to  the  data  given  in 
sheet  59  of  the  Horizontal  Sections  of  the  Geologieal  Survey,  it  is  in 
the  hills  to  the  north-east  of  Clieltenham,  to  be  subdivided  into— 


Feet 

e. 

The  Ragstone 

40 

(/. 

Upper  Freestone    . 

34 

c. 

Oolite  Marl 

7 

k 

Lower  Freestone 

147 

'/. 

Tlie  Pea  Grit 

38 

Tlie  Pea  Grit  is  a  pisolitic  limestone,  consisting  of  a  number  of  flat 
concretions  like  large  flattened  peas. 

The  Freestones  are  fine-grained,  pale,  oolitic,  or  shelly  limestones, 
containing  near  the  top  a  seven  foot  bed  of  brown  marl,  c,  with  an  im- 
perfect oolitic  structure. 

The  Ragstone  is  a  brown  sandy  limestone,  sometimes  hard  and  firm, 
at  others  incoherent. 

In  this  neighbourhood  even  these  subdivisions  have  their  character- 
istic fossils. 

As  we  recede  from  this  neighbourhood,  however,  these  subdivisions 

*  Most  manuals  give  flgares  of  Ichthyosauri,  Plesiosanri,  Pterodactyli,  etc ;  we 
especially  Buckland's  **  Bridgcwater  Treatise,**  etc.,  and  Mr.  Wateilioase  HawUns's 
Diagrams. 
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naturally  die  out  and  diaappeor  ;  other  beds  of  coarse  liineHtone,  eouie- 
timea  oolitic,  and  sunietimee  gaudy,  taking  their  place. 

In  Oxfordshire,  indeed,  according  to  Profeaaor  Phillipe,  the  whole 
groujt  of  the  Inferior  Oolite  disuppears,  neither  the  beds  nor  the  pecu- 
liar foBuh  being  discoverable.— ^'Sldiewrttf  at  Britlth  Atioeiatum, 
OtM,  186(1.) 


n.  ADuhwiii  bcniiiiphcrlci 
fi,  RhynchiiDella  spliioda. 
:.  Ostrei  Hanlill. 


Chnmcterittk  FuaiU  uf  ihe  Inferi:,-  (Inlilr. 
Aetinozoa. 


RhviicbonelU  spinosa  . 
Terebratula  carinata 


Foee.  gr.  26,  A. 
Pal.  Soc  Uav.  Bnich.* 
Tab.  View. 
Tab  View. 
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Conchifera 

Astarto  elcj];aiis 

Oresslva  alxliu'ta  . 

Lima  pectinifurmis  (i»roboscitlea) 

Ontiwa  Marshii 

IVcti'ii  dfutatu.-*     . 

Pholadomya  lidicula 


Gasta'opodiU 


Clioinnitzia  lineata 
Plctirotoiiiaria  elongata 

oniaUi 

l)allium 


Aiiuiioiiites  Broechii 
Brutlia?! 


Cephalojtoda, 


lirungiiiartii 
Humphrt'siamis    . 
MmchisiiiiDu 
ParkinRoni  . 


IVlfiiinites  ellipticud 
Nautilus  siiiuatus  . 


Dvj»a3ter  rinwus  . 
Echiniirt  ]K'rlatu8 
Nucleolites  Agas;«izii 


Pholi(lophoru8  Flcsheri 
Strophodiifl  subreticulatus 


Echiiiodennata, 


Fish. 


Tab.  View. 
PhilLG.Y.L,!  11. 
Tab.  View. 
Foss.  gr.  26,  c. 
Sow.  M.  C.  C74. 
Fobs.  gr.  26,  d. 

Sow.  M.  C.  218. 
Ihid.,      193. 
Foes.  gr.  26,  e. 
Sow.  M.  C.  221. 


Sow.  M.  C.  202. 
Ibid,,      351. 
PhillipB*8  Mu^  fig.  238. 
Fobs.  gr.  26,/. 
Sow.  M.  C.  660. 
Tab.  View. 

Geol.  Trans,  ii.,  t  8. 
Sow.  M.  C.  194. 


Tab.  View. 
Tab.  View. 
Ann.  Kat  Hist  1852. 


} 


Agaasiz. 


5.  The  FuUtr's  Earth. — Above  the  Inferior  Oolite  comes,  in  the 
Gloucestershire  district,  a  serit^s  of  blue  and  yellow  shales,  clays,  and 
marls,  Pome  of  which  are  of  the  peculiar  kind  of  clay  called  Fuller's 
earth,  tlic  ntuuc  assigned  to  tlie  group.  Interstratified  with  these  are 
occasional  bands  of  limestone. 

The  maximum  thickness  is  about  1 50  feet,  rather  rapidly  diminish- 
ing in  all  directions. 

Characteristic  Fossils. — None,  unless  the  little  oyster  called  Ostnsft 
acuminata  {Tabular  View  and  Lt/elCs  Manual,  fig.  386) ;  the  other  fossils 
contained  in  it  are  a  mixture  of  Inferior  Oolite  and  Great  Oolite  species. 
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6.  Oreat  Oolite. — ^This,  like  the  other  oolitic  groups,  except  the 
clays,  has  a  very  variable  lithological  character.  Mr.  Lycett  says  that 
near  Minchinhampton  it  is  made  up  of  Weatherstoues,  Sandstones,  and 
Limestones ;  the  Weatherstones  (shelly  calcareous  sandstones)  being  always 
at  the  base  of  the  group,  but  passing  laterally  into  Sandstones,  which 
are  commonly  covered  by  Limestones,  while  the  Weatherstones  have 
never  any  of  the  Limestones  above  them. — {Journal  Oeological  Society^ 
voL  iv.  ;    and  PdUjeontological  Society j  1860). 

Mr.  Hull  divides  the  Great  Oolite  near  Cheltenham  into  two  zones. 
a.  The  Under  zone,  a  variable  series  of  sandy  flogs,  ''  slates,"  and  blue 
limestones,  with  white  oolitic  free-stones,  showing  much  oblique  lami- 
nation. The  flaggy  limestones,  and  sometimes  the  thick  bedded  ones, 
split  in  some  places  into  very  thin  slabs,  which  are  called,  though  erro- 
neously, "slates."  The  Stonesfield  slate,  so  celebrated  for  its  terres- 
trial reptiles  and  mammalian  remains,  belongs  to  these  beds,  and  might 
therefore  give  its  name  to  the  zone.  The  Collyweston  slate  of  North- 
ampton, also  belongs  to  this  zone.  Its  average  thickness  is  60  feet. 
h.  The  upper  zone  is  well  marked  in  Gloucestershire,  by  the  occurrence 
of  a  bed  of  marl  at  its  base,  and  a  band  of  hard  white  limestone  at  its 
summit,  the  intermediate  beds  being  oolitic  limestones,  sandstone  or 
sandy  limestone,  greatly  marked  by  oblique  lamination.  Its  thickness 
is  160  feet — {Memoirs  of  the  Oeological  Survey y  1867). 

Characteristic  Fossils  of  the  Ch'ecU  Oolite. 


Plants, 


Equisetum  columnare 

Pterophyllum  comptum 
Ta)niopteri8  latifolia    . 

vittata 

Thuytes  expansus 


Isastrsea  Conybeaii 


Actinozoa, 


Brachiopoda^ 


Rhynchonella  concinna 
Terebratula  coarctata 

digona 

maxillata 


Phillips's  Man.,  fig.  2 1 8,  and 

Mantell's  Meds.  fig.  13. 
Foss.  gr.  27,  a. 
Mantell's  Meds.,  fig.  26. 
Phillips's  Man.,  fig.  217. 
Phill.  Q.  Y.  L,  t.  10. 


PaL  Soc.  Fosa.  Cor. 


Foes,  gr.  27,  c. 
Tab.  View, 
Foss.  gr.  27,  d. 
Tab.  View. 


*  Messrs.  Lye«tt  iind  Morrift  have  published  the  Mollusca  of  the  Orest  Oolite  in  the 
Tolames  of  the  Palaontogimphlotl  Society,  referred  to  in  the  succeeding  pegee. 
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(Jervillin  laiiceolatii 
Lima  cimliifomu* 
Pftcliyrisnia  griuidf 
Pho1n[|uiii\'a  aciitiosta 
Pli'TOpenia  costatuln    , 
Trinonia  (!i)lilfiissii 


PhilLO.  Y,  t.  11,1 
Tab.  View. 
Fobs.  gr.  27,  e. 
Pal.  Soc  Odl  Biv. 
Tab.  View. 
Pal  Sot  OoL  Biv. 
Fobs.  rt.  27,/. 
Tab.  View. 


Cvlimlrjtcs  actitus 
Xerinron  Vr.lt/ii 


PftL  Soc  Ool.  FoBB. 
Lyell'e  Man.,  fig.  369. 
Fose.  gr.  S7,  k. 
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Patella  rugosa 
Purpuroidea  Morrissii 
Trochotoma  annuloides 

Ammonites  gracilis    .         .         .         . 
Belemnites  fusiformis 

Waterhousei. 

Nautilus  Baberi 

Echinodermata, 

Hemicidaris  minor 
Pseudodiadema  pentagonuni 

Fi$h. 

Asteracanthus  semisiilcatus 
Pholidophorus  minor 
Strophodns  magnus    . 

Rtptile*, 

Megalosaurus  Bucklandi 

Mammalia. 

Amphithcrium  Prevostii  . 
Phascolotherium  Bucklandi 
Stereognathus  Ooliticus 


Lyell*s  Man.,  fig.  370. 
Fobs,  gr.  27,  g. 
Pal.  Soc.  Ool.  Foss. 


PaU  Soc  Ool.  Mol. 
Tab.  View. 

Pal.  Soc.  Ool.  Mol. 


Foss.  gr.  27,  h. 
Pal.  Soc.  Brit.  Ech.* 


Agassiz's  Fossil  Fisli. 


MantelVs  Medij.,  ch.  xvii 


Lyell's  Man.,  fig.  375. 

Ihid.,  fig.  382. 

Q.  J.  G.  S.,  vol.  xiii. 


7.  The  CcmbroBh  and  Forest  Marble  Or<mp, — ^This  ia  a  very  vari- 
ously composed  set  of  clays,  sands,  and  limestones,  containing  local 
subdivisions  such  as  the  Bradford  Clay,  the  Forest  Marble,  and  the 
Combrash  itsell 

The  Bradford  Clay  is  a  blue  unctuous  clay  occurring  at  Bradford, 
and  extending  for  a  few  miles  around  it ;  it  is  never  more  than  forty  or 
fift}'  feet  in; thickness  ;  locally  full  of  Apiocrinites  Parkinsoni  (rotundus). 
Foss.  gr.  28,  b. 

The  Forest  Marble  (so  named  from  Wychwood  Forest)  is  composed 
of  coarse  fissile  oolite,  with  much  oblique  lamination,  hard  shelly  lime- 
stones, blue  marls  and  shales,  yellow  siliceous  sand,  with  lai^e 
spheroidal  blocks  of  limestone,  and  fine  oolitic  freestone.  It  is  rarely 
more  than  forty,  never  more  than  eighty  feet  thick. 

The  Combrash  is  generally  a  rubbly  cream-coloured  limestone  in 
thin  beds,  always  nodular  and  concretionary,  each  fragment  having  a 
deep  red  coating.     Not  more  than  fifteen  feet  thick. 

*  Britiah  Foflsil  Echinod«nnata  by  Dr.  T.  Wright 
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ChiirachrutK  FouU*  of  the  Cornbrtuh  and  Forttt  ilarUe  Oroup. 

llrachiopoda. 
TercliRituIn  intcnucdk  Foh.  gr.  28,  e. 
oborala         ....        Tab,  View. 


It  Mubli  FouilL 


Avicula  ecliinata 
Ccromya  conc«iitric4i 
GreMlya  pcregrina 
laocarJia  miiunut    . 
Lima  ligidula 


Tab.  Fiew. 
Sow.  M.  a  4fll. 
Foas.  gr.  98,  d. 
Tab.  View. 
Phia  0.  Y.,  t  7. 
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Modiola  bipartita    . 
Myacites  decurtata 

securiformis 

Pecten  fibrosus 

vagans 

Pboladomya  deltoidea 
lyrata    . 


Chenmitzia  vittata  . 


Ammonites  diBcus   . 


Omteropoda, 


Cephalopoda, 


Echinodermata. 

Acrosaleiiia  hemicidaroides 
Apiocrinus  Parkinsoni 
Nucleolites  dunicidaris  . 


Serpula  tetragona    . 

Asteracanthus  acutus 
Cardiodon  rugulosus. 


Annelida. 


FUL 


PbiU.  G.  Y.,  t  4. 
Fobs.  gr.  28,  e. 
PhiU.  G.  Y.,  t.  7. 
Ihid,,  t  6. 
PaL  Soc.  OoL  MoL 
Sow.  M.  C.  197. 
Fobs.  gr.  28,/. 


PliiU.  G.  Y.,  t  7,  fig.  16. 


Fobs.  gr.  28,  y. 


Fobs.  gr.  28,  a. 
Fobs.  gr.  28,  h. 
Tab.  View. 


Sow.  M.  C.  599. 


Ag.  foss.  fidb. 


The  Bath  or  Lower  Oolites  of  Yorkshire, — The  beds  wbicb  lie 
between  the  Lias  and  the  Oxford  Clay  preserve  the  structure  above 
given,  with  more  or  less  constancy,  from  Somersetshire  into  Lincolnshire, 
forming  a  continuous  ridge,  with  an  unbroken  escarpment,  till  we  reach 
the  estuary  of  the  Humber.  A  little  north  of  that  river  the  whole 
Oolitic  series,  with  the  exception  of  the  Lias,  is  overlapped  and  concealed 
by  the  beds  of  the  Cretaceous  series,  from  underneath  which,  however, 
they  gradually  reappear  again  farther  north,  and  the  Lower  Oolites  rise 
from  beneath  the  Oxford  Clay  into  some  wild  hills  called  the  York- 
shire Moorlands,  which  end  in  precipitous  cMs  along  the  coast  about 
Whitby  and  Scarborough. 

In  this  district  the  changes,  often  apparent  as  we  trace  the  Lower 
Oolites  from  Somerset  into  Lincolnshire,  are  found  to  have  been  still 
further  carried  out,  so  that,  instead  of  the  groups  just  described,  we  get 
the  following  section,  which  is  condensed  from  Professor  Phillips's  de- 
scriptions {Q,  J,  Geoi,  Soc,,  voL  xi.  p.  84) : — 
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5.  Shelly  Conibrash,  limcstouc  of  Gristhorp  and  Scarborough  10 

4.  StiiKlstonus,  shales,  iroiiHtoues,  and  coals  of  Gristhoip,  Scar- 
1)or«u<j[h,aud  Sc^alby,  enclosing  some  calcareoiu  shelly 

l)andrt      .  .       * 200 

3.  Sh«'lly  oolite,  and  clays  of  Cloughton  and  West  Nab  .         .  60 

2.  Sandstones,  shales,  ironstones, and  workable  coal  of  the  Peak, 

Staintun  Dide,  and  Haibum  Wyke     ....  500 

1.  In>ny  sandstone  an<l   subcalcareous  beds,  with  bands  of 

shells  and  plants      ....*..  60 

It  is  singidar  that  the  little  insignificant-looking  band  called  Com- 
brasli  continues  Utholo^e4dly  and  paleeontologically  the  same  as  in  the 
south  of  Kn<^'land,  wlule  so  great  a  change  takes  place  in  the  more  im- 
jwrtant  beds  below. 

Th*'.  Characteristk  FossiU  of  the  Lower  Oolites  of  Yorkshire  are 
priiiripally  plants,  many  of  which  are  ferns.  The  following  genera 
may  be  mentioned,  some  of  which  have  different  species  in  these  beds 
and  in  tlie  Carboniferous  formation,  whUe  those  marked  with  one 
iu*tvrisk  are  unly  Mesozoic,  and  those  with  two  exclusively  Oolitic 
genera. 

C'yclopteris,  Rjuisetites,  **Otopteris,  ♦*  Pachypteris,**Pal8Bozamia, 
Pecopteris,  **  Phlebopteris,  *  Pterophyllum,  **  Sagenopteris  (Qlossop- 
t^ris),  Si>hen(»pteris,  **  Taeniopteris,  *Thuyte8,  **Zaniites. —  {See 
ManteWs  Meds.,  cliaji.  wi.,  for  figures  of  some  of  these.) 

Some  of  the  Equisetites  are  foimd  erect  ;  and  we  have  here  an  im- 
j)erfect  coal  fonnation  of  the  Oolitic  period,  the  coals  of  which  only 
<liff(*i'  from  those  of  the  Carboiuferous  formation  in  quantit}'  and 
eo'uomic  value. 

C.  The  Oxford  or  Middle  Oolites. 

This  division  comprises  the  Oxfonl  CHay  and  the  Coral  Rag  groups — 
8.  Thf  Oxford  Clay  is  so  called  as  lying  beneath  the  plain  on 
which  Oxford  stands,  but  it  extends  across  England  from  Weymouth 
in  Dorset  to  Filey  Bay  in  Yorkshire.  It  is  generally  a  dark  blue  clay, 
sometimes  dark  gray,  approaching  to  black.  In  its  lower  portion  it  has 
uccasionally  sfmie  beds  of  tough  calcareous  sandstone,  with  brown  sands, 
allied  Kelloway  rock,  from  a  place  in  Wiltshire.  This  Kelloway  rock 
appears  to  be  wanting  in  the  Midland  counties  as  a  distinct  rock,  tiiough 
its  peculiar  fossils  occur  in  the  lower  part  of  the  Oxford  clay.  It  reap- 
I)ears  in  Yorksliire  with  the  same  characters  and  fossils  as  in  the  south. 
The  maximum  thickness  of  the  Kelloway  rock  is  80  feet  That  of  the 
whole  Oxfoid  clay,  including  it,  cannot  be  less  in  some  places  than  600 
feet. 
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CharacUrittic  Fosiilt  of  the  Oxford  Clag. — Tlie  fosails  of  the  Oxford 

clay  are  numerou*,  and  often  very  beautiful,  the  Bhellii  frequently 
retaining  tliuir  iridescence  from  having  been  jiacked  in  clow  tlay,  or 
being  converted,  like  those  in  the  Lias,  into  brUliout  iron  pyrites.  Thv 
following  liBt  includee  a  few  of  the  uiost  common  e{>ecies  : — 


R.  OtyphH  ilibiUU. 


Anatina  undulata 
Aetarte  lurida 
Oi^pluEA  dilatwta 
Myacitea  rcenrra 
Ortram  undom 


Conchifm 


Otutercpoda. 


Torn.  gr.  20,  i. 
PhiU.  G.  Yt  t.  5,  i^.  3. 
Fogg.  gi.  20,  a. 
Phill.  G.  Y.,  t.  6,  fig.  25. 
Ibid.,      U  6,  f^.  4. 

FoM.  gr.  20,  c. 
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Cephalopoda, 


h 


Aiiiiiionitejf  calloviensis 
conlatus 

excavatus 

Jaxjii 

LainlxTti 

luiMliolaris  (sul)la?vis) 

Hrl«  uiiiitf.s  ]la^tat^l^<    . 

Puzosiamis* 

Xautilus  liexa«'Oiuis     . 


Strpula  vertfbralis 


iN»llicii>cs  conciiimiy 


Mcclioclieirus  Pearcei 


Anndtda. 


Cirnpedia. 


Crustacea. 


Fish. 


Tab.  View. 
Tab.  View. 
Fos8.  gr.  29,  e. 
F08S.  gr.  29,/ 
Sow.  M.  a,  242. 
Tab.  View. 
Foss.  gr.  29,/. 
Tab.  V.  and  Ly.  Man. 
Tab.  View. 


Sow.  M.  C  599. 


Sow.  M.  C,  647. 


Ann.  Nat.  H.,  1849. 


Q J.G5.,  voL  i.,  p.  231. 

Ibid. 
Foss.  gr.  29,  g. 


A^pi«lorliynchus  cikhIuh 
Lil»itl(>tu«<  inacr(x'lK*irus 
Li'i»toloi)is  inacroplitlialnms 

{).  The  Coral  Rag  or  Corral inc  Oolite  was  so  called  from  tbe 
abundance  of  corals  contained  in  its  lower  beds  in  some  parts  of 
Oxiordsliire  and  Wiltshire.  Like  all  the  other  calcareous  or  arenaceous 
*,qi.u]>.-  uf  the  Oolite,  this  is  very  irrc<;,ailar,  and  subject  to  great  varia- 
tions in  character  and  thickness,  lliere  is  a  pretty  close  general 
resenildance  in  the  Yorkshire  and  Wiltshire  types,  while  in  the  inter- 
mediate district  the  whole  <,Toup  seenis  to  disappear.  It  may  be 
divided  into  three  sub-gTouj)s — 


Feel. 
60 

60 

80 


c.  I"'pper  Ciilcareous  grit,  maximum  thickness 

l).  Coialline  Oolite, 

u.  Lower  calcareous  grit, 

a.  Tlie  lower  beds  in  Yorkshire  are  a  series  of  gray  marly  sand- 
stones seventy  feet  tliick,  jiassing  up  into  cherty  limestone,  covered  by 
sands  fidl  of  great  calcareous  concretions  capped  by  strong  calcaieons 
sand>tones. 

l>.  A  vaiiable  grou])  of  irregular  masses  of  nodules  made  of  coialfl 
com])acted  together,  often  earthy,  and  connected  by  blue  clay,  passing 

*  See  also  Mantell's  Medals,  figs.  143  and  144,  and  description. 
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into  blue  crystalline  limestone,  alternations  of  hard  shelly  Oolite,  and 
soft  perishable  limestone,  and  in  Wiltshire  a  nibbly  nodular  Oolite, 
sometimes  pisolitic 

c.  The  Upper  group,  obscurely  indicated  in  the  south,  is  in  the 
north  like  group  a,  but  more  ferruginous  and  less  cherty,  passing  up  by 
iutercallation  into  the  Kinmieridge  clay  above. — (PhiUijtg.) 

The  Coral  rag  may  be  examined  either  in  Dorsetshire  tmd  Wiltshire, 
n  Shotover  Hill  in  Oxfordshire,  or  on  the  coast  of  Yorkshire,  about 
Scarborough  and  Filey. 

At  Shotover  Hill,  however,  considerable  erosion  of  its  upper  jwirt 
took  place  before  the  deposition  of  the  Kimmeridge  clay,  all  the  upjier 
calcareous  grit  having  been  removed. — {Phillips,}  ^f 


Characteristic  Fossils  of  the  Coral  Rag. 

Plants. 


Carpolithes  Bucklandi  . 
conicus 


Calamophyllia  Stokesii 
Isastrsea  explanata 
Stylina  tubulifera 
Thamnastnca  arachnoides 


Lind.F.  F.,*  189. 
Ibid. 

Actinozoa. 

Tab.  View. 
Tab.  View. 
Tab.  View. 
Tab.  View. 
Thecosmilia  (Caryophyllia)  annularis      Fobs.  gr.  30,  a. 

Conchifera. 

Goniomya  literata        .         .  Foss.  gr.  30,  r. 

Lima  (Plagiostoma)  rigida  Tab.  View. 

Ostraaa  gregaria  ....  Ly.  Man.  356,  and  Tab.  V. 

Pecten  ^dmineus  ....  Sow.  M.  C,  643. 

Pholadomya  (e<|ualis    .  Hid. 

Trigonia  costata  ....  Tab.  View. 

Oasteropoda. 
Cerithium  muricatum  .         .         .         Foss.  gr.,  30.  e. 


Clienmitzia  Heddingtonensis 
Nerinsea  Goodhallii 
hieroglyphica 


Tab.  View. 

Ly.  Man.  358,  and  Tab.  V. 

Ly.  Man.  357. 

Tab.  View. 


Phaf$ianella  (chemnitzia)  striata 

CepIualKqioda, 

Anmionites  perarmatus  .         Foss.  gr.  30,  /. 

vertebralis  .  Tab.  View. 

Belemnites  abbreviatus  .         Foss.  gr.  30,  g. 

*  Lindley  and  Hutton's  Fossil  Flora. 
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AV/i  inodermala. 

Fobs.  gr.  30,  i. 
Ly.  Man.  360. 
PhiL  Mnn.  S4S. 
A  TaK  v.,  and  Mantell'Ei  MeAt, 

fi}t  101. 
Plul.  Mad.  944. 


t.  CcritUoi 
g.  BelR 


PhiU.  0.  Y.  ToL  L  p.  170. 


I  Kiinnie[i<tee  cli}-  uul  Porttuid  Mi 


le  fbiiU  aeooidliig  to  UarrVt  CkUlDsne. 
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D,  The  Upper  or  Portland  Oolites  consist  of  tliree  groups, 
uamely ; — 10.  The  Kimmeridge  Clay;  11.  The  Portland  beds;  and, 
12.  Tlie  Purbeck  beds — ^the  two  latter  groups  being  only  known  in 
the  southern  part  of  England. 

10.  The  Kimmeridge  Clay  is  so  called  from  the  village  of  Kim- 
meridge on  the  coast  of  Dorsetshire,  a  little  west  of  St.  Alban's  Head. 
It  is  traceable  tlirough  Wiltshire  and  Buckinghamshire,  gradually  thin- 
ning out  from  a  thickness  of  600  or  600  feet,  till  it  seems  to  disappear 
in  Huntingdon  and  Cambridgeshire.  It  is  again  visible  in  Lincolnshire, 
and  largely  in  the  vale  of  Rckering  in  Yorkshire,  It  is  in  some  places  a 
(lark  gray  shaly  clay,  in  others  brownish  or  yellowish,  containing  bands 
ol*  sand  or  of  calcareous  grit,  or  ferruginous  Oolite,  and  layers  of  nodules 
of  septaria.  In  some  places,  c  specially  in  the  district  about  the  Isle  of 
Purbeck,  it  becomes  very  car. >onaceou8,  and  the  "bituminous  shale" 
sometimes  passes  into  layers  ol  "  brown  shaly  coal."  Layers  of  a  jjar- 
ticular  kind  of  oyster,  called  the  Oitrcea  deltoidea,  occur  abundantly  in 
many  places,  always  appearing  *'  in  broad  continuous  floors  parallel  to 
the  planes  of  stratification,  the  valves  usually  together,  with  young  ones 
(KXUisionally  adherent  to  them,  and  entirely  embedded  in  clay,  without 
nodules  or  stones  of  any  kind,  and  without  any  organic  remains  in  the 
layers.** — {Phillip^ s  Man,  p.  311.) 

Characteristic  Fossils  of  the  Kimmeridge  Clay, 

Brajchiopoda, 
Rhynchonella  inconstans  Fobs.  gr.  31,  a. 

Co^ichifera. 

Astarte  Hartwelliensis  Foss.  gr.  31,  c. 

Cardium  striatulum        .  .  Ly.  Man.  349. 

Exogyra  (Grjrphaea)  virgula  .  Foss.  gr.  31,  i. 

OstroBa  deltoidea    .         .  .  Ly.  Man.,  350  ;  Phil.  Man.  258, 

and  Tab.  View. 

Pinna  granulata     .  .  Sow.  M.  C,  347. 

Thracia  depresaa  .  Foss.  gr.  31,  rf. 

Trigonia  clavellata  .  Foss.  gr.  30,  d. 

Gasteropoda, 

Clicmnitzia  gigantea. 

Patella  latissima    .         .         .         Foss.  gr.  31,/. 

Pleurotomaria  reticulata  .         Foss.  gr.  31,  «. 

Cephalopoda. 

Anmionites  biplex  .  Foss.  gr.  31,^. 

rotundus  .         .         Sow.  M.  C,  293. 

triplicatUB  Ibid,        92. 
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Idilliyiisiturns  trigmiuH 
Plpsiosaunia  nUinifl  . 
Pliosiiii'iiH  (tbe  geiim^) 
Sieiiwi'fam'ns  itwtro-niiiior 
Ttileofiiiurus  ik>tbtin(Kleimi( 


(hr.  Brit  Am 
Ibid. 
Rid. 
Ibid. 

Ibid. 
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1 1 .  The  Portland  Beds,  so  called  from  the  promontory  known  as 
the  Isle  of  Portland,  on  the  coast  of  Dorset,  have,  like  most  of  the  other 
stony  groups  of  the  Oolitic  series,  a  variable  composition.  They  con- 
sist of  sands  and  sandstones  below,  becoming  calcareous  and  passing  into 
Oolitic  limestone  above.     They  are  therefore  divisible  into — 

b.  Portland  stone,  consisting  of  white  Oolite  and  beds  locally  termed 
*'  stouebrash**  and  "  roche,"  etc.,  interstratified  with  days,  and 
containing  layers  of  flint ;  about  90  to  100  feet. 

a,  Portland  sands,  consisting  of  brown  or  yellow  sands  and  sand- 
stones, full  of  green  grains,  like  those  afterwards  to  be  described 
in  the  Greensands  ;  about  80  feet. 

The  beds,  especially  the  lower  sands,  are  to  be  seen  at  intervals 
capping  the  Oolitic  hills  as  far  north  as  Oxfordshire,  where  they  occur 
about  the  summit  of  Shotover  Hill.  They  consist  there  of  sands  with 
marine  fossUs,  over  which  are  "  iron  sands"  with  fresh- water  forms. 
— (Phillips*e  Brit  Assoc.  Oxford  I860.)  Farther  north  they  entirely 
disappear,  for  at  Ely  the  Lower  Greensand  of  the  Cretaceous  series  rests 
directly  on  the  Kimmeridge  clay. 

Characteristic  Fossils  of  the  Portland  Beds, 


Isastrssa  oblonga     . 

Astarte  cuneata 
Cardium  dissimile  . 
Lima  obliquata 
Luciua  Portlandica . 
Modiola  pallida. 
Odtnoa  expansa 
Pccten  lamellosus    . 
Trigonia  gibbosa 
incurva . 


Actinozoa, 


Conchifera, 


Oasterojtoda. 

Cerithium  Portlandicum  . 

Natica  elegans  .... 

Neritoma  siuuosa    .... 

Pleurotomaria  rugata. 

Turritella  concava  .... 

Cephalopoda. 
Ammonites  giganteua 


Foss.  gr.  32,  a. 

Sow.  K  C,  137. 
Foss.  gr.  32,  c. 
G.  Tr.  2,  vol.  ii.  p.  319. 
Foss.  gr.  32,  d. 
Sow.  M.  C,  8. 

Ibid.       238. 
Foss.  gr.  32,  b. 
Foss.  gr.  32,  e. 
Foss.gr.  32,/. 


Foss.  gr.  32,  h, 
Foss.  gr.  32,  y. 
Tab.  View. 

Sow.  M.  C,  665. 


Tab.  View. 
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Ech 

itiodtrmala. 

IK'iiiividariM  Diividsoni 

Fiih. 

Wright,  FoiB.  E.  PaL  Soc 

t'liltirus  argiislMs 
Hyliudus  Ptrictiis 
Isfhyudus  Towiislieiuli 

Ag.  Poise,  foas. 
Ibid. 

HIS  .  Ow,  Brit.  Au.  Rep. 

12.  The  PvrlKcl  he<h  nit-  so  nniiied  from  their  buiug  well  developed, 
mill  flfiirly  I'xliiliitcd  in  lliih  distrirt,  wnith  of  the  Poole  ertuary  in 
Uor»<;tsliiro,  wliicli  18  ktioHii  oa  tlie  Islu  of  Puibcck.     The}-  diffei  from 


OOLITIC  PERIOD. 


585 


all  the  Oolitic  series  below,  in  being  of  fresh-water  origin.  They  are 
from  that  circumstance  more  nearly  allied  to  the  Wealden  beds  above 
than  to  the  Oolites  below,  but  they  contain  some  marine  and  other 
sj>ecies  of  fossils,  which  seem  to  link  them  to  the  Oolites. 

Not  far  aljove  the  top  of  the  Portland  stone,  on  which  the  shelly 
limestones  of  the  Purbeck  beds  repose,  there  occur  one  or  two  "  dirt 
beds,"  as  they  are  called  by  tlie  quarrymen,  which  are  in  fact  old 
vegetable  soils,  including  the  roots  and  stems  of  fossil  plants,  the  re- 
mains of  an  old  forest.  We  have  here  then  actual  land  surfaces,  which 
having  been  fonued  over  the  marine  beds,  in  consequence,  probably,  of 
the  gradual  elevation  of  the  latter  above  the  sea,  were  subsequently 
bulled  beneath  fresh-water  deposits  which  were  formed  either  in  a  lake 
or  in  the  bed  of  a  large  tranquil  river,  that  spread  over  the  land  in 
consequence,  probably,  of  its  having  suflered  from  depression. 

The  Purbeck  beds,  although  they  have  not  a  greater  thickness  than 
150  or  200  feet,  were  examined  and  described  in  great  detail  by  Pro- 
fessor Edward  Forbes,  and  8ubse(|uently  by  Mr.  Bristow,  whose  observa- 
ti(ms  will  be  found  in  sheet  56  of  the  Horizontal  Sections  and  sheet  22 
of  the  Vertical  Sections  of  the  Geological  Survey  of  Great  Britain,  in 
the  Itttt^r  of  which  eveiy  bed  is  drawn  on  a  scale  of  1  inch  to  10  feet, 
with  full  lilhological  and  palaH>ntological  descriptions. 

Edward  Forbes  divided  the  Purbeck  beds  into  three  groups.  Lower, 
Middle,  and  Upper,  which,  without  any  marked  lithulogical  distinctions, 
neveitheless  contain  each  a  peculiar  assemblage  of  fossils. 

Mr.  Bristow*8  section  of  Durlstone  hill  contains  the  follo^^ing 
groups : — 


Upper. 


Middle.  <^ 


ec 


53 


20.  Upper  Cypris  clays  and  shales 
1 9.  Unio  beds  with  the  Cn)codile  bed 
18.  Up])er  broken  shell  limestone 

(soft  burr) 

17.  Chief  "beef"*  beds       . 
1 6.  Corbula  beils 
15.  Scallop  beds  (white  roach) 
14.  Leaning  vein 
13.  Royal  (limestone). 
12.  Freestone  vein 
1 1.  Downs  vein 
10.  Cinder  bed  (mass  of  small  Ostroca 
distorta) 

9.  Clierty  fre.sh-water  beds 

8.  Marly  fresh-water  beds 

Carry  forward 


Feet. 


60 


M30 


8 
8 
5 


190 


*  The  qaarrymen  give  the  name  of  "  beef  "  to  bedH  of  fibrous  carboiuite  of  lime. 
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Lower. 


Feet 

Brought  forward 

190 

mm 

4  . 

Marly  fresh-water  beds           .         .       7 " 

6. 

Soft  cockle  l)cd3    .         .         .         .60 

5. 

Hard  c(K.*kle  Intds            ...        9 

4. 

Oypris  freestone    .         .          .          .     34  i-    130 

3, 

Bnikeii  bands        .          .          .          .14 

2. 

Soft  Cap 6 

1. 

Ilanl  Cup,  \iith  dirt  2)artmg  at  bottom  10 

330 

At  Worbarrow  Bay  and  Mewps  Bay,  an  irregular  dirt  bed  comes 
in  between  the  hard  and  soft  Caj)?,  but  is  not  seen  at  Ridgway  Hill 
acconlin;,'  U*  the  Rev.  Osmond  Fischer.  Tlie  whole  section  gradually  gets 
thinner  at  tlmse  places,  till  it  is  not  more  than  190  feet  at  the  latter. 

It  Wiis  in  a  little  band  about  20  feet  below  the  cinder  bed,  that  the 
very  n^niarkable  discoveiies  of  several  Mammalian  remains  were  made 
by  ^Ir.  B<rckles. 

The  Purbei'k  marble,  formerly  so  nmch  used  in  the  internal  decora- 
tion  of  ehuivhi*s  and  other  buildinj^s,  was  procured  from  bands  of  lime- 
stone, consist  injjj  almost  entirely  of  comi>act«d  fresh-water  snails^hells 
(Paludina  carinifmi),  which  was  interstratilied  with  the  Upi)er  Cypris 
clays  and  shales  No.  20. 


Characteristic  Fossils  of  tfte  Purheck  beds. 


Plants. 


Cyca«leoidea  microphylla 

mej^pliylla 

Dammarit<is  Fittoni 


Conchifera. 


Oyrena  elongata  . 
Osti*a3a  distorta    . 


Gasterojyoda. 


Melanoi)sLs  harpoeformis 
Phvsa  Bristovii    . 

ft' 

Paludina  carinifcra 


Foss.  gr.  33,  a. 
Mantell's  Meds.  fig.  50. 
G.  Tr.  2  ser.,  voL  iv. 


Foss.  gr.  33,  b. 
Tab.  View. 


Tab.  v.,  and  Ly.  Man.  338. 
Sow.  M.  C,  509. 


Echinodermata, 

Hemicidoris  Purbeckensis     .         .         Ly.  Man.  336,  and 

PhiL  Man.  267. 
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Ai-cluconiscuB  EdwaKUii 
Cypridea  tubercnlata 

faaiculata   . 

Purbeckenaia 


Fobs.  gr.  33,  e. 

hj.  Iltm.,  fig.  334, 

and  Mant  Ueds.,  6g.  174. 

Ly.  Man.  337. 

Lj.  Man.  339. 


Pucbeck  Pomiit. 

a.  CyMileoltiM  irierophylU.              e. 

ft,  Cr™.. lone.!..                            / 

Oo 

il.  BuprealoD  atygniu  (elytron  of). 

Iiueett. 

Brod.  FoM.  In.,  pi.  v. 

Biipreeton  Btygnua 

Foea.  gr.  33,  d. 

Carabua  elongaliis 

Brod.  Fobs.  In.,  pt  ii. 

Fith. 

AapidorhynchiiB  Fisheri 

Foaa.  gr.  33,  *. 

Lepidotus  Mantelli 

Mantell'a  Meda.,  fig.  196 

Microdon  radiatuB 

Ag.  Foisa.  fosa. 

Ophiopsis  brevioeps      . 

M.  a.  S.,  Dec.  0. 

Pholidopttonis  ornatoB 

Ag.  Poies.  fosa. 
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Rrpttles, 

Goniopholis  cradsidens  {Crocodilian) 

Plcurijstenion  ovatum 
Macell(xlus  BrtMliei 
Nothctes  destructor 


Mammalia, 


Sjmliicotlu'rium  Brodiei 
Plaj^MjiuliLX  Becklesii 


Fo6a.gr.  33, /,  and 
Mantell*B  Med&,  fig.  207. 
Foss.  gr.  33,  g. 
Q.  J.  G.  &,  voL  X. 
Ihid.        Ibid. 


Ihid.        Ihid. 
Ibid,,  voL  xiii. 


FoMth  Characteriatic  of  more  than  oiie  Group, — In  selecting  groups 
of  8]Hfcifs  that  lire  peculiarly  characteristic  of  certain  groupe  of  beds, 
certain  oilier  siK-cies  are  necessarily  omitted  that  are  charactemtic  of 
lai^^er  j^irts  of  the  sitries,  being  found  in  almost  equal  abundance  in 
more  than  one  ;,TOUp. 

Of  these  the  following  deserve  mention  : — 

Sjieciea  common  to  A  (Lias),  and  B  (Bath  Oolites). 

Brar/iiopoiffty  Tliecidium  triangulare  ranges  from  Upper  Lias  to  Com- 

hrinh  {L»/cett), 

Si)eci(fs  coimnon  to  A  and  C  (Coralline  Oolite). 
ConchiftrUj  Modiola  cuneiita. 

Species  connuon  to  B  and  C. 

ActinoztMi^  Thanniastroca  coneinna. 

Poli/zofiy  Heter()])oni  raniosii. 

Brack (Ojnula,  llhynchonelhi  varians,  Terehratula  impressa,  omithocejiliala. 

Conchiftra^  Anatina  undata,  (iervilliii  siliijua,  Isodonta  triangularis,  Lima 

duplicala,   IVeten    annulatus,    demi.ssus,    Pinna   lanceolata,    mitis, 

Aroa  tcniula,  Cuculhea  eh)ngata,  oblonga,  Goniomya  litterata  and 

Rcrii)ta,  Isocardia  tenera,  Lithodomus  inclusu9,  Lucina  crassa,  MyaciteB 

c^dcitirorniis,  Quenstodtia  la»vi<^'ata. 
Gasteropoda,  Ahiria  trifida,  Bulla  elongate,  Pleurotomaria  granulata,  Pur- 

})urina  nodulata. 
CephaloiHula,  Anmionites  macrocephalus. 
Echinodermnta,  Echinus  perlatus,  Hemicidaris  intennedia,  Nucleolites 

orbicularis,  seutatus,  and  sinuatus,  Pygaster  semisulcatus,  Pygunis 

pentagDualis. 
Crustacea,  Glyi)ha?a  rostmta. 

Species  common  to  B,  C,  and  D  (Portland  Oolites). 
Conchifera,  Trigonia  costata. 
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Species  common  to  B  and  D. 
Conchifera,  Cardium  striatulum,  Pecten  arcuatus,  Pholadomya  ovalis. 

Species  common  to  C  and  D. 

Brachiopoda,  Lingula  ovalis. 

Conchifera^  Astarte  ovata,  Exogyra  nana,  Gervillia  avicnloides,  lima 
rustica,  Ostnea  solitaria,  Trigonia  clavellata. 

Scotland, — Patches  of  lias  and  Oxford  Clay,  some  of  which  are 
estuary  beds,  occur  here  and  there  on  the  islands  of  Mull  and  Skye,  and 
other  parts  of  the  western  coast  of  Scotland.  Near  Brora,  on  the  east 
coast  of  Sutherlandshire,  rocks  similar  to  the  Lower  Oolites  of  York- 
shire are  found,  containing  similar  beds  of  impure  coal  (see  papers  by 
Sir  R.  I.  Murchison,  Travis.  OeoL  Soc.,  vol.  ii.,  second  series,  and  by 
Professor  Edward  Forbes,  Qu<irt.  Jour.  Geol.  Soc.,  vol.  vii.,  etc. ;  and  First 
Sketch  of  New  GeoL  Map  of  Scotland,  by  Sir  R.  L  Murchison  and  Arch. 
Geikie. 

Ireland, — ^Tlie  only  beds  belonging  to  the  Oolitic  series  in  Ireland 
are  some  black  Liassic  shales  which  are  visible  in  some  parts  of  Antrim. 
These  occur  just  at  the  top  of  the  red  marls  of  the  Trias,  and  are  pro- 
bably the  basal  beds  of  the  Lias.  They  do  not  anywhere  exceed  thirty 
or  forty  feet  in  thickness,  but  contain  often  an  abundance  of  character- 
istic Lias  fossils  (see  fig.  1 22). 

The  district  of  the  Jura  Mauntains, — It  has  already  been  said  that 
on  the  Continent  the  Oolitic  series  is  called  the  Jurassic  series  because 
it  forms  the  Jura  mountains. 

The  following  classification  of  the  beds  in  that  district  is  the  one 
given  by  M.  Jules  Marcou  in  his  Lettres  sur  Us  Roches  de  Jura,  premiere 
livraison,  in  which  I  have  translated  the  thicknesses  from  French  metres 
into  English  feet.  It  is  remarkable  that  although  the  Jura  mountains 
are  at  least  five  tunes  the  height  of  the  Cotteswold  hills,  and  occupy 
more  than  five  times  the  area  of  the  Oolitic  range  in  England,  yet  the 
actual  thickness  of  the  beds  is,  according  to  Marcou^s  measurements, 
considerably  less  in  the  Jura  than  it  is  in  England.  In  the  Jura,  how- 
ever, they  are  wonderfully  bent  and  contorted  into  folds  of  every  degree 
of  magnitude,  so  that  beds  which  in  some  parts  at  least  do  not  much 
exceed  1000  feet  in  thickness,  nevertheless  make  up  the  principal  mass 
of  a  laige  and  complicated  mountain  chain.  This  chain  is  composed 
of  no  other  rocks  than  the  Jurassic  and  Neocomian  beds,  and  neverthe- 
less far  exceeds  in  height  and  importance  the  PalaK>zoic  mountains  of 
England,  France,  or  Qermany. 
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Of  these  groups,  M.  Marcou  identifies  his  Lias  with  our  Lias  gene- 
rally. 

He  correlates  his  Oxford ien  iiifcrieur  with  our  Oxford  clay,  believing 
his  Couches  d'Ai-govie  to  be  unrepresented  in  England,  unless  by 
Phillips's  gradations  between  the  calcareous  grits  of  the  Coial  Hag  and 
Oxforil  clay  in  Yorkshire. 

M.  Marcou  also  correlates  his  Mames  de  Banne  with  the  Kimmeridge 
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clay,  and  believes  his  Gronpe  de  Salins  to  be  the  purely  marine  equiva- 
lent of  the  partly  marine  and  partly  fresh-water  Purbeck  beds.  He 
also  identifies  the  intermediate  groups  of  the  Jura  with  the  inter- 
mediate groups  of  the  English  Oolitic  series  with  more  or  less  precision. 

M.  Marcou  gives  a  table  supporting  these  identifications  by  lists  of 
characteristic  fossils  found  in  most  of  his  twenty-six  sub-divisions  of 
the  Jurassic  series. 

France  and  Germany, — Other  authors  have  adopted  different  desig- 
nations for  different  p^rts  of  the  Continental  Jurassic  series,  which  it 
will  be  best  perhaps  to  give  in  the  following  tabular  form,  referring  to 
the  table  previously  given  at  p  564. 

D  12.  Purbeck  Beds,  not  identified  by  other  authors. 

D  11.  Portland  Beds. — Terrain  Portlandien,  Upper  white  Jura,  cal- 

caire  k  tortues  de  Soleure. 
i)  10.  KiMMERiDGE  Clay. — Terrain  Kimm^dgien,   argiles  noirs  de 

Honfleur,  calcaire  k  astartes.     Part  of  the  terrain  Portlandien  of 

the  geologists  of  the  Swiss  Jura,  who  call  the  lower  part  Terrain 

Sequanien  ;  part  of  Upper  white  Jura. 
C  9.  Coral  Rag. — ^Terrain  Corallien,  schistes  de  Nattheim,  calcaire  k 

ncrinees.     Middle  white  Jura.     (The  lithographic  flags  of  Solen- 

hofen  are  believed  to  belong  to  this  group.) 
C  8.  Oxford  Clay. — ^Terrain  Oxfordien,  terrain  k  chailles,  Omaton 

thon,  Impressa  kalk,  Spongiten  lager.     Part  of  brown  Jura  and 

Lower  white  Jura. 
C  S  a.  Kelloway   Rock. — Terrain    Callovien,    Oxfordien    inferieur. 

Part  of  brown  Jura. 
B  5.  Fuller's  Earth  ;    6.  Great  Oolite  ;   and,  7.  Cornbrash. — 

Terrain  Bathonien,  calcaire  de  Caen  et  Ranville,  Parkinsoni  Bank. 

Part  of  brown  Jura. 
B  4.  Inferior  Oolite. — ^Terrain  Bajocien,  calcaire  Laedonien,  calcaire 

k   polypiers,   mames    v^suliennes,    Eisen-Rogenstein,   Discoidien 

niergel.     Middle  brown  Jura. 
A  3.  Upper  Lias. — Terrain  Toarcien,  Posidonomya  schiefer,  Jurensis 

mergel,   Opalinus   thon.     Upper  black  Jura  and   Lower  brown 

Jura. 
A  2.  Marlstone. — Terrain    Liasien,   Amaltheen   thon,    Numismalen 

mergel.     Illiddle  black  Jura. 
A   1 .  Lower  Lias. — ^Terrain  Sindmurien,  grhs  du  Luxembourg,  calcaire 

de  Valognes,  gr^  de  Lincksfield,  Qiyphiten  kalk.     Lower  black 

Jura, 

« 

The  first-mentioned  names  in  the  above  list  are  those  of  D'Orbigny. 

In  travelling  across  France  and  its  borders,  within  the  limits  of  the 

Geological  Map  of  France,  by  E.  De  Beaumont  and  Du  Fresnoy,  the 
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Enjilish  ^'oolo^nst  cannot  fail  to  he  Btnick  with  tlie  general  resemblance 
of  tlui  Oijliiic  (in»l  Triassic  f«.)nimtions  to  those  of  hi«  own  coimtiy. 
Althouj^'h  it  is  always  unsiife  to  trust  to  litliological  resemblance,  yet  it 
aj)peai's  cirtain  that  then?  is  a  wonderful  general  identity  of  mineral 
character  in  the  Mesozoic  rocke*  of  western  Europe. 

When,  however,  we  i»iis.s  the  Jum  chain  and  approach  the  Alps,  the 
Lias  and  other  Jurassic  rocks  become  com]»letely  metamorphosed  into 
cLiy  slates,  mica  scliists,  and  gneiss,  with  crj'stalline  limestone  (Alpen 
kalk)  like  the  s<Malle<l  ])nniar}'  limestones  of  our  old  metamoxphic 
districts.  The  main  mass  of  the  Swiss  Ali>s  is  probably  composed  of 
tlie.se  metanu»rpho<ed  Oolitic  rocks,  and  it  may  well  be  doubted  whether 
any  jwirt  of  the  Western  Alj>s  shews  any  but  a  very  few  rocks  of 
greater  antijpiity  than  the  Oolitic  Perio*!,  although  they  were  at  one 
time  sui)1>oslhI  to  be  of  i>riniarv  or  "  primitive"  origin. 

Aintrrica. — Sir  C.  Lvell  <lescnbes  some  of  the  rocks  of  North 
America  as  like  those  of  the  Vorkshirc  and  Sutherland  Oolites.  They 
consist  of  siuids  and  clays,  with  beds  of  coal,  and  contain  numerons 
plants. 

Professor  W.  B.  Kogcis  fii-st  described  the  Richmond  coalfield  of 
Virginia,  which  contains  many  seams  of  good  coal— one  thirty  or  forty 
feet  in  thickness — as  belonging  to  the  Oolitic  Period.  It  appears,  how- 
ever, from  ^larcou's  Geology  cif  North  America,  that  the  identification 
of  these  beds  as  of  Oolitic  age  is  eri-oneous,  and  that  they  are  more 
prohaMy  Trijussic  (Keui)er)  than  Oolitic.  Marcou  also  describes  other 
marine  Oolitic  beds  as  existing  in  New  Mexico,  and  to  the  west  of  the 
Ilockv  Mountains. 

Mr.  D.  Forbes  descrihes  (Qi/arierh/  Journal  of  the  Geological  Soaet^y 
vol.  xvii.)  large  partes  of  Peiu  and  liolivia  on  the  western  side  of  the 
Andes,  as  formed  of  rocks  belonging  to  the  Oolitic  Period,  consisting  of 
clays,  shales,  and  limestones,  with  many  characteristic  Oolitic  fossils, 
but  interstratilied  with  great  beds  of  porphjTy  and  porphyry-tuflb  and 
conglom(*rates. 

India. — Beds  containing  Ammonites  and  other  fossils,  like  those  of 
the  Lias  and  Lower  Oolites,  were  described  by  Mr.  Grant  {Trans,  QtoL 
iSoc.j  Lond.,  vol.  v.,  2d  ser.)  as  occurring  in  Cutch,  and  being  associated 
with  other  be<ls  containing  coal  and  plants  of  Oolitic  genera. 

In  the  7th  vol.  of  D'Archiac's  J/istort/  of  the  Progress  of  OeoU^gy^ 
these  and  other  beds  in  the  noilh  of  India  are  spoken  of  as  of  marine 
origin  and  belonging  to  the  Oolitic  Period,  and  a  vast  central  fresh- 
water formation  of  Middle  and  Southern  India  is  also  said  to  belong  to 
the  same  period. 

D'Archiac  quotes  Mr.  Carter's  Summary  of  the  Geology  of  India 
{Journal  of  Bombay  Branch  of  As,  Soc,),  who  says  that  the  Oolitic  series 
of  India  consists  of — 
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4.  Diamond  conglomerate. 

3.  Panna  sandstone. 

2.  Kattia  shales,  with  limestones  and  coals. 

1.  Tara  sandstone. 

1.  The  Tai*a  sandstone  has  been  called  both  Old  and  New  Red  Sand- 

stone. It  is  1000  feet  thick  and  without  fossils,  but  seems  to 
pass  up  into 

2.  The  Kattra  (or  Kuttrah)  shales,  to  which,  according  to  Carter,  the 

Burdwan  and  other  coals  west  of  the  Hooghly  belong,  contain 
plants  of  the  genera  Qlossopteris,  Tseniopteris,  Vertebraria,  Zamia, 
etc.,  etc.,  together  with  those  of  other  genera,  as  Culomites,  Pecop- 
teris,  Poacites,  and  Sphenophyllum,  which  are  both  Carboniferous 
and  Oolitic  genera. 

3.  The  Panna  sandstone  has  a  maximum  thickness  of  2000  feet,  and  is 

capped  in  some  places  by 

4.  The  Diamond  conglomerate,  which  contains  pebbles  of  sandstone 

and  quartz,  and  occasionally  diamonds. 

These  two  last  groups  do  not  contain  fossils,  but  were  believed  by 
Newbold  to  be  of  praecretaceous  age. 

Australia. — In  a  recent  explomtion  on  the  western  coast  Mr.  Gre- 
gory discovered  fossils,  such  as  a  Trigonia  and  Ammonite,  which  seem 
more  like  those  of  the  Oolitic  series  tlian  any  others. 

This  therefore  lends  some  small  support  to  the  belief  in  the  Oolitic 
age  of  some  of  the  coal-beds  of  New  South  Wales,  Victoria,  and  Tas- 
mania, in  which  plants  have  been  found  which  wei:e  supposed  to  be 
necessarily  of  Oolitic  age.* 

Arctic  Regions. — St.  Anjou  of  the  Russian  navy  asserted  many  years 
ago  that  he  had  found  ammonites  in  the  cliffs  of  New  Siberia,  in  north 
latitude  74.     Others  have  since  been  brought  home  by  Captain  Sir 

*  In  vol  i.,  p.  8,  of  Hooker's  HimmdUiyan  JaunwXs^  will  be  found  some  excellent  re- 
marks on  the  doubtful  nature  of  the  evidence  oh  to  contemporaneity  of  beds  to  be  derived 
from  fossil  plants,  and  especially  from  fossil  ferns.  He  says — "  Amongst  the  many  collec- 
tions of  fossil  plants  that  I  have  examined,  there  is  hardly  a  specimen  belonging  to  any 
epoch  sufficiently  perfect  to  warrant  the  assumption  that  the  species  to  which  it  belonged 
can  be  again  recognized.  The  botanical  evidences  which  geologists  too  often  accept  an 
proofs  of  specific  identity,  are  such  as  no  botanist  would  attach  any  importance 'to  in  the 
investigation  of  existing  plants.  The  faintest  traces  assumed  to  be  of  vegetable  origin  are 
Iiabitually  made  into  genera  and  species  by  naturalists  ignorant  of  the  structure,  affinities, 
and  distribution  of  living  plants." 

I  would  add  to  this,  that  geologists  proper  are  not  the  persons  to  blame,  since  they  only 
accept  the  dicta  of  the  palieontologists,  to  whom  they  look  as  authorities.  I  entirely  agree 
with  another  sentence  in  the  pages  to  which  I  refer,  that  "  similar  fossil  plants  at  places 
widely  different  in  latitude,  and  hence  in  climate,  is  rather  an  argument  against,  than  for, 
their  having  existed  contemporaneously."  A  rule  which,  if  we  admit  the  doctrine  of  specific 
centres,  is  good  for  most  fossils  found  in  widely  separated  localities,  independently  of  mere 
differences  of  climate. 

2o  2 
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[.enpoia  M^Cliiitock  fn)m  Point  Wilkie  in  Prince  Patrick  Island,  76°  20' 
uortli.  One  of  tliese  has  been  called  Ammonites  M'Clintocki,  and 
cumpiired  with  An)ni(>nilos  concavus  of  the  Lower  Oolites  of  France  by  the 
Rl-v.  Pr(»lVssor  Ilau^liton.  Sir  L.  M^Clintock,  Captain  Sherrard  Oi*bom, 
and  Sir  E.  Iklclier,  al.s.>  found  portions  of  Ichthyosaurus  in  those  regions. 
(See  aj)iK*n«lix  to  FtUe  of  Franklin^  by  Captain  Sir  L.  M*Clintock. 
Murray:  London,  Ihol).) 


\a¥z  of  the  Period. 

Tlie  scanty  and  inii>erfect  traces  of  life  foiuid  in  the  rocks  of  the 
Pennian  and  Triassic  I\'rio<ls  as  assemblages  of  fossils,  are  in  remarkable 
contrast  with  that  formed  by  the  abimdance  of  organic  remains  to  be 
found  in  the  rocks  of  tlie  Oolitic  Period. 

Th»'  f(»llowin^'  list  will  Aww  some  of  the  generic  forms  which  now 
api)ear  to  have  first  conu*  into  existence  on  the  earth,  those  that  were 
confined  to  tin*  jm'HikI  bfin^^'  niarke<l  as  befoiv  by  an  asterisk. 

yV(/y;^/{,*Acrostichites,*Araucarites,*BtUeni,*Bensonia,  *Brachyphyll\im, 
♦Buckhuidia,  *  (.-rvptianerites,  *  Ctenis,  Cnjnxjssus,  Cycadeoidea, 

*  Daniniarites,  *Glossopteri8  (Sagenopteris)  Lonchopteris,  'Naia- 
dites,  *Pachypteris,  *  Palseozamia,  Pence,  ^Phlebopteris,  •Podo- 
carya,  *PolyiK)dites,  ♦  Polystichites,  Pterophyllimi,  •Sagenopteris, 
*Salicit('s,  *  Schizopteris,  *Solenites,  *SphaBreila,  * Sphaerococcites, 
*Stricklaiidia,  Strohilitfs,  * Taeniopteris,  *Taxite8,  Thuytes,  *Tyni- 
])ano|>hora,  Zaniiostrobus,  *Ziunites. 

Fin-am iiuffi-a^  Buliniina,Cristellaria,  Flabellina,  Marginnlina,  Nodosaria, 
Rotalina,  Spirolina,  Vaginulina,  Vulvulina,  Webbina. 

SponfjiJ'.t\  Manun,  S})on<;ia. 

ActiwKoa,  A<lelastra*a,  *  Angeastriva,  Anomophyllum,  Astroc«enia, 
*Axosniilia,  Calanioi)hyllia,  Ca'losniilia,  * Comoseris,  Cyathophora, 
*Discocyathus,  Enallohielia,  *Euhelia,  Favia,  Haplophyllia,  'Hap- 
hxsniilia,  lleliastiTca,  Micandrina,  *Microsolena,  Millejwra,  Oroseris, 
Pachygjra,  *Placos]»hyllia,  Plerastroea,  Pleurocania,  *Phytogyra, 
*Protoseris,  Rhipidogyra,  Stejdianocnenia,  Stylina,  Stylosmilia, 
*Thecocyathus,  Tliecosniilia,  Trochocyathus,  Ti^ochosmilia,  XJlo- 
phyllia. 

Foh/:(Miy  Alccto,  *Apseu<lina,  *Clnysaora,  Cricopora,  Idmonea,  Tere- 
hidlaria,  Theonoa. 

IJrac/i  iopoda ,  Teit'l  )ratel  1  a. 

CoHchif-ra,  Astarte,  *  Ceroniya,  Corbis,  *Corbicella,  C^-prina,  Cyrcna, 
Diceras,    Exogjra,   *Goniomya,    *Gres8lya,   Grj'phaea,   Hinnitcs, 

*  Hippoi)odium,  Isocardia,  *lsodonta,   Lima,  ''^Limea,    Limopsis 
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Myoconcha,  Nesera,  PachyriBma,  Pholadomya,  Pholas,  Potamomya, 
Quenstedtia,  Sphsera,  *  Tancredia,  Thracia,Trigoiiia,^  *'Uiiicardiuin. 

Qcateropoday  Acteeon,  *ActaBoiiina,  *Alaria  *  Brachytrema,  Bulla,  *Ceri- 
tella,  Cerithium,  Chemnitzia,  *Cirru8,  Delpliinula,  ^Deslong- 
champsia,  Emarginula,  Fissurella,  Fusus,  Hydrobia,  Monodonta, 
Murex,  Nerinaoa,  Neritina,  *  Neritopsis,  Paludina,  Pileolus,  Ptero- 
ceras,  *Purpurina,  *Rimula,  *Ri88oma,  Solarium,  *Spinigera, 
Stomatia,  *  Trochotoma. 

Cephalopoda,  *  Acanthoteuthis,   Ammonites,^    Ancyloceras,  Belemnites, 

*  Geoteuthis. 

Echinodennatay  *Acrosalenia,  *Apiocrmus,  Astropecten,  Cidaris,  *Cly- 
peus,  CoUyrites,  *  Diplocidaris,  Echinobrissus,  *  Extracrinus, 
*Galeropygus,  *Glypticus,  Hemicidaris,  *Heniii)edina,  *Heteroci- 
daris,  Holectypus,  *Hyboclypu8,  *Luidia,  *  Magnolia,  *Milleri- 
crinus,  *  Palceocoma,  *Pedina,  Pentacrinus,  *Plumaster,  *Poly- 
cypbus,  Pseudodiadema,  Pygaster,  Pygurus,  Rhabdocidaris,  Solaster, 

*  Stomecliinus,  *Tropidaster. 
Annelida,  Vennicularia. 
Cirrihipedia,  Pollicipes. 

Crustacea,  *Arcbseoniscu3,  /Astacus,  *  Coleia,  Cypridea,  Eryon,  Estheria, 

*  Glyphaja,  *  Mecocbeirus,  ?  Pagurus. 

Imtcta,  Bero8us,  Carabus,  Cerylon,  Coccinella,  Colymbetes,  Cypbon, 
Elater,  Gyrinus,  Helopborus,  Lacopbilus,  Lininius,  Melolontha, 
Rbyncopbora,  and  many  other  genera  of  the  families  Carabida, 
Bkpsida),  Buprestidae,  Nemoptera,  Orthoptera,  Homoptera,  Diptera, 

Fi%h,  iEchmodus,  *Amblyurus,  *Arthropteru8,  *A8pidorhyncu8,  Astera- 
canthus,  Belouostomus,  Caturus,  *  Centrolepis,  *  CeramuruR, 
*Chondrosteu8,  *Conodu8,  *Co8molepi8,  *Ctenolepis,*Cyclarthni8, 

*  Dapedius,  *  Eugnatbiw,  *  Ganodus,  Gyrodus,  *  Gyroncbu8,  *  Gy- 
rosteus,  Ischyodus,  Isodiu«,  *  Legnonotus,  Lepidotu8,  *  Lepto- 
lepiH,   *  Macrosemius,   Microdon,   *  Myriacantbus,    *Nothosomus, 

*  Opbiopsis,  *Oxygnathas,*  Pacbyconnus,  *  Pholidopborus,  *  Pleuro- 
pholis,  *  Pristacauthus,  *  PtycbolepLs,  Pycnodu8,  *  Sauropsis,  *  Sca- 
phodus,  *Semiouotu8,  *Spha*rodu8,  Sphenoncbus,  *Squaloraia, 
StroplKulus,  *  Tetragonolepis,  *  Thris8onotU8,  *  Tbyellina. 

lieptiles,    Cetiosaurus,  Chelone,  Goniopbolis,    Ichthyosaurus,  Lacerta, 

*  Macellodus,  *  Macrorhyncu8,  Megalosaurus,  *  Notbetes,  Plesio- 
saurus,  *  Pleurostemon,  *Plio8auru8,  Pterodactylus,  ^  Steneosaurus, 
Streptospondylus,  *  Teleosaurus,  Tetrosternon,  Trionyx. 

Mammalia,  *  Ampbitberium  (or  Thylacotberium),  *  Ampbilestes,  *  Phas- 
colotherium,  *  Plagiaulax,  *Spalacotherium,  *  Stereognathus,  *Tri- 
conodon. 

^  Unless  the  Trigonia,  and  the  Ammonites,  and  Belemnites,  are  to  bo  dated  fh)m  the 
Triassic  Period  from  their  being  found  in  the  Hallatadt  and  St  Caasian  beds. 
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It  ^nll  be  ^een  that  new  genera  of  plants  come  in  abundantly, 
and  a  glance  over  their  nuniea  will  shew  many  that  have  an  olmons 
affinity  to  .still  exi^%ting  geneni,  such  as  Araucaria,  Dammam,  and  Zamia, 
one  (Cupressiis)  being  even  8U])posed  to  belong  to  an  existing  genua. 
Many  new  ferns  (marked  by  the  word  pteru  forming  part  of  the  name) 
supplied  the  place  of  those  that  hod  died  out  since  the  C^bonifeious 
Period. 

Of  the  ForaniinifLTa  many  of  the  genera  which  now  came  into 
exititence  still  i-emain  represented  by  diflerent  living  sjx^cies. 

Of  the  Corals,  which  are,  of  course,  the  only  kinds  of  Actinozoa  that 
can  occur  fussil,  none  of  the  genera  mentioned  above  belong  to  the 
onh*r  Rugosa,  the  greater  number  being  Aix)rosa.  The  whole  families 
Turbinolidu}  and  Oculmido)  now  ap^xiar  for  the  first  time  {Oreene^s 
Oeltiifrnita). 

The  new  Polyzoa  arc  more  numerous  than  the  new  Brachiopoda,  of 
which,  inth'tMl,  one  8ub-genus  only  makes  its  appearance,  the  one  called 
Terebratello. 

Th(i  clas.s  Conchifera,  however,  shews  a  great  number  of  new  genera, 
more  than  at  any  previous  i)eriod  ;  and  many  of  these  still  exist  as  genera, 
some  of  them  benig  abundantly  represented  by  different  species  in  the 
KCiis  of  the  i>resent  day.  Others,  however,  have  become  extinct  more  or 
less  completely  in  intermediate  times  ;  while  a  few,  such  as  Pholadomya 
and  Trigonia  are  sciuitily  repi-esonted  by  one  or  two  species  which 
appear  to  be  lingering  out  existence  in  some  remote  comers  of  the 
globe.  Many  of  the  genem  wliich  are  marked  above  as  being  confined 
to  the  Oolitic  Period  have,  i)erliaps,  been  founded  on  rather  insufficient 
data,  and  are,  tliei-efoi-e,  of  nither  doubtful  value  as  genem  to  the  biologist, 
although  often  useful  to  the  geologist,  as  grouping  together  forms  more 
or  less  distinct  from  others  with  which  they  have  an  affinity. 

The  same  ivmarks  apply  almost  equally  to  the  Gosteropods,  of 
which  the  number  of  new  fonus  is  very  great  com])ared  with  those  of 
the  CephaloiKxls,  althougli  the  latter  chujs  greatly  abounded,  so  far  as 
individuals  are  concenied.  The  carnivorous  Gosteropods,  or  those  with 
notches  and  canals  to  their  moutlis,  now  IxHsome  much  more  numerous 
than  heretofoi*e,  and  must  have  contributed  with  the  Cephalopods  to 
kee]»  down  the  superabmidance  of  marine  life  of  other  kinds. 

The  Cephahjpods  wouhl,  if  we  refer  the  first  appearance  of  Ammonites 
and  Belenniites  to  the  Triiissic  Perio<l,  have  no  new  generic  forms  of 
impoi-tance  dating  fi-om  the  Oolitic  times.  So  far  as  the  British  area, 
however,  and  tliat  of  western  Europe  generally,  is  concerned,  we  get 
no  Ammonites  and  Belemnites  in  pnc-Oolitic  formations.  They  cer- 
tainly now  become  extraordinarily  nimierous  in  individuals.  Some  of 
the  beds  of  the  Lias,  when  exposed  on  the  shores  of  the  south  coast 
of  England,  shew  a  complete  ])avement  of  Belemnites,  and  in  other 
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places  an  equal  assemblage  of  Ammonites.  Parts  of  the  altered  Lias  of 
Portrush,  in  the  north  of  Ireland,  shew  these  floors  of  Ammonites  of  all 
sizes,  from  a  foot  in  diameter  down  to  others  not  bigger  than  peas. 
The  abundance  of  species,  too,  is  as  great  as  that  of  individuals.  As 
many  as  600  species  of  Ammonites  have  been  named,  the  majority 
belonging  to  the  Oolitic  rocks.  Even  the  minuter  subdivisions  of  this 
series,  as,  for  instance,  the  sub-groups  of  the  Upper  Lias,  viz.,  the 
Upper  Lias  shale  and  the  Upper  Lias  sands,  have  each  their  nine  or 
ten  peculiar  species  of  Ammonites. — {Dr,  Wright  and  Mr,  Ltfceit) 

As  the  Ammonites  were  probably  as  much  oceanic  cuttle-fish  as  is 
the  Nautilus  of  the  present  day,  and  therefore  independent  of  any 
peculiar  character  of  the  sea  bottom  in  which  their  remains  were  ulti- 
mately preserved,  we  seem  to  be  driven  to  the  conclusion  that  the 
variation  in  the  forms  of  life  apparent  in  the  remains  found  in  these 
little  thin  deposits  was  the  result  of  the  extinction  and  disapi^earance 
of  one  set  of  species  and  their  replacement  by  others.  If  this  change 
took  place  with  no  greater  rapidity  than  equal  changes  take  place  now 
(and  there  is  not  the  slightest  evidence  in  favour  of  any  greater  rapidity), 
each  of  these  little  sub-groups  of  rock  must  contain  the  records  of 
myriads  of  years. 

The  Belemnites  and  the  otlier  dibranchiate  cuttle-fish,  the  descrip- 
tion of  which  will  be  found  in  Mantell*s  Medals  of  Creation  and  in 
Buckland*s  Bridgewater  Treatise^  are  curious,  among  other  things,  for 
the  preservation  of  some  of  their  ink  bags.  Mr.  C.  Moore  of  Bath 
produced  at  the  meeting  of  the  British  Association  at  Cheltenham, 
certain  nodular  lumps  of  Oolitic  rock,  which  he  said  he  knew  from 
experience  contained  the  remains  of  these  Cephalopods ;  and,  on 
breaking  one  of  them  open,  a  nucleus  of  brown  dusky  powder  was  seen, 
that,  on  being  moistened,  was  instantly  used  as  excellent  sepia  colour. 
Dr.  Bucklaud  mentions  Sir  F.  Chantry  haviug  made  a  drawing  with 
this  fossil  sepia. — {Bridgewater  Treatise y  cliap.  xv.)  These  squid-like 
animals  must  have  swarmed  in  shoals  like  those  which  I  have  seen  on 
the  shores  of  Newfoundland,  when  the  calm  surface  of  the  sea  looked 
as  if  a  heavy  shower  was  falling,  from  the  little  drops  of  water  ejected 
from  the  mouths  of  myiiads  of  small  squids,  which  were  darting  about 
just  below  the  surface,  and  were  sometimes  continually  visible  on  each 
side  of  the  boat  as  we  rowed  for  miles  along  shore. 

The  Echinodermata  begin  now  to  lose  their  abundance  of  Sea  Lillies 
(Crinoidea),  which  till  now  were  more  abundant  than  any  other  order, 
though  a  few  very  beautiful  and  remarkable  new  forms  of  them  make 
their  appearance  ;  while  among  Sea  Urchins  and  Star  Fishes  the  new 
forms  become  very  numerous,  and,  as  is  the  case  with  almost  the  whole 
class,  singularly  elegant.  They  approach,  on  the  whole,  more  nearly  to 
those  of  the  present  day  than  did  the  earlier  forms. 
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The  Cnistiioca,  in  like  inaniier,  be^n  to  reeemble  our  own  lobsten, 
crab$«,  aiiil  8lirinipi«,  luoi-e  nearly  than  did  the  older  Trilobites  and  Exuy- 
pteridite. 

A  ^'I'eat  vai-iety  of  insects  have  been  found  in  the  lAas  and  in  the 
Purbeck  beds,  cliieHv  by  Mr.  Brodie,  who  has  published  an  account  of 
them  undi-r  \\u*  title,  "  Fossil  Insects  of  the  Secondary  Rocks  ;**   1845. 

Tlie  fossil  Kish  of  the  Oolitic  rocks  are  in  many  places  very  numer- 
ous and  often  beautifully  prt^scned,  the  whole  skin  of  glittering  scales, 
with  the  tins  and  tail,  b(>in«^'  s«)nietinie8  almost  as  perfect  as  the  skins  of 
recent  lish  in  a  museum.  Hoinocercal  Fish  become  now  almost  as 
numerous,  compan»d  with  the  heterocercal,  as  in  our  o^^l  day. 

True  Sharks  and  Kays  (S<|ualid{D  and  Raiada')  seem  now  first  to 
have  come  into  existence,  in  addition  to  the  Cestracionidas,  which 
existed  i»revi«aisly,  and  are  not  yet  entirely  extinct  Most  of  the 
Oolitic  lisb  are  of  the  Ganoid  onler,  belonging  to  the  families  PVcno- 
dontidie,  Dapetlidre,  Lepidoiida%  Lei)tolepida;,  and  SturionidiB. — {Owen^s 

l^akKiiitnliHftf) 

llejjtiles,  which  in  three  irn'oi^ling  i)erioil8  had  been  chiefly  of  the 
Ganoceplialad  a  in  I  Labyrinthodont  types  of  Owen,  now  become  much 
moi-e  numerous  and  much  more  various  than  fonnerlv. 

The  ortler  Deinosiiuria  (Owen)  shews  us  in  the  bones  of  the  Megalo- 
sjmrus  a  hu^^'e  Imllow-boned  *  terri'sirial  reptile,  attaining  sometimes  a 
lenj^th  (»f  thirty  feet,  with  «;reat  limbs,  and  rows  of  sharp,  recurved, 
serrated  teeth,  a  combination  of  knife,  sabre,  and  saw,  with  a  backward 
clutch,  fi-om  which  nothiiij:,'  once  giusped  could  have  csca}>e<.l.  We 
may  well  a<k  what  other  lar^'e  land  animals  existed,  for  the  destruction 
of  which  such  a  niachinerv  was  necessarv  ;  and  whv  should  it  have 
been  necessjiry,  except  to  keep  within  bounds  the  niuu1)ers  of  lai^ge 
ve^etJlble  fee<lel"s  \ 

The  sea"*  that  surivuniled  these  lands  likewise  swanued  with  reptile 
life,  the  two  most  remarkable  fonns  being  the  Ichthyosaurus  and  the 
Plesiosaurus.  lliese  doubtless  i)ivyed  on  the  Fish  and  Cephalopoda, 
their  fellow  inhabitants  of  the  tlee]). 

The  Ichthyosiiurus,  figures  of  whose  skeleton  will  be  found  in  almost 
all  manuals  and  many  other  geologicud  works,  resi»mble<l,  as  his  name 
denotes,  a  lish  in  form,  while  he  retained  the  essential  characters  of  a 
saurian  ivptile.  As  the  whales  are  mammals  adapted  for  sea  life  by  their 
external  form,  with  their  legs  ami  feet  shrunk  into  pa<ldles,  and  their  tails 
spread  into  caudal  tins,  so  the  Lhthyosaunis  had  a  caudal  fin  (although 
vertical  instead  of  horizontal  like  the  whaleV)  and  his  extremities  con- 
tracted into  paddles,  and  enclosed  in  a  continuous  skin,  like  a  mitten^  or 

*  The  castof  the  inside  of  a  great  thigh-hone  of  this  rei>tile,  exhibiting  the  exact  foim 
andrnmitlcationri  orthc  ninrrow,  irt  preserved  in  the  Oxfonl  Museum.  It  came,  however, 
from  the  WealUea  }y&la.—iDuckUind:»  Bridnewater  Treatise,  p.  2S9,  8d  BditioD.) 
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glove  without  fingers.  His  neck  was  slinink,  so  that  his  long  sharp  head 
projected  immediately  in  front  of  the  thickest  part  of  the  trunk,  his  eyes 
were  very  large,  protected  by  a  circle  of  bony  plates,  and  directly  under 
them  was  the  gape  of  a  huge  mouth,  anned  with  long  rows  of  conical 
sharply-pointed  teeth,  fresh  ones  to  supply  the  place  of  those  broken  or 
worn  out  being  ever  ready  to  spring  from  the  jaws,  which  were  made 
of  numerous  bones  "  fished"  together,  so  as  to  unite  elasticity  and 
strength.  His  form  must  have  been  something  like  that  of  a  grampus, 
only  more  lithe  and  slender,  while  his  fish-like  vertebrae  and  tail  must 
have  given  at  once  power  and  velocity  to  his  motions  in  the  waters,  of 
which  he  must  have  reigned  apparently  the  unopposable  king.  Speci- 
mens are  known  in  which  the  orbit  of  the  eye  is  fourteen  inches  across, 
the  length  of  the  jaw  six  feet,  and  the  vertebrae  so  large  that  they  must 
have  belonged  to  individuals  thirty  feet  in  length.  Owen  says  that  he 
knows  thirty  species  of  Ichthyosaurus. — {OwerCs  Paloeontologif) 

The  Plesiosaurus,  which,  as  its  name  denotes,  is  more  like  a  saurian 
and  less  like  a  fish  than  the  preceding  one,  had  a  smaller  body  but  a 
much  longer  neck  than  it,  the  neck  having  no  fewer  than  thirty-three 
vertebrae,  or  ten  more  than  the  swan.  The  paddles  are  longer  and  nar- 
rower than  those  of  the  Ichthyosaurus,  though  resembling  them  in 
general  structure.  The  tail  is  as  much  shorter  as  the  neck  is  longer 
than  those  of  the  Ichthyosaurus.  It  probably  baske<l  in  the  sea-weeds 
near  shore,  and  darted  with  its  long  neck  upon  its  prey,  the  head  being 
comparatively  small,  but  well-armed  with  strong  teeth.  There  are 
twenty  species  known  to  Owen. — {Oxceii's  Palceontologi/)  The  speci- 
men in  the  possession  of  the  Royal  Zoological  Society  of  Dublin — a 
very  fine  one,  though  not  quite  perfect — ^is  twenty-three  feet  hi  length. 

Tliere  are  in  the  Lias  regular  beds  of  the  Copolites  or  fossil  dung  of 
these  two  animaLs,  shewing  the  form  of  the  intestinal  canal,  and  often 
containing  fragments  of  half-digested  fish  scales,  or  bones  ;  proving 
both  how  numerous  they  must  have  been  and  what  great  lengths  of 
time  must  have  occasionally  elajised  without  any  deposition  on  the  bed 
of  the  sea  except  that  having  an  organic  origin. 

There  is  a  sub-genus  of  Plesiosaurus,  called  Pliosaunis,  with  subtri- 
hedral  and  thicker  teeth,  and  more  compressed  and  flatter  cervical 
vertebrae,  which  have  only  been  found  in  the  Kimmeridge  clay.  They 
seem  also  to  have  been  thirty  or  forty  feet  long. 

There  are  also  remains  of  reptiles  called  Teleosaunis,  resembling 
the  slender-jawed  "  gavial"  of  the  Ganges  and  other  Crocodilian  reptiles 
living  in  the  earlier  part  of  the  Oolitic  period,  and  Chelonian  (Turtles 
and  Tortoises)  certainly  before  its  close. 

Perhaps,  however,  the  most  striking  of  all  the  forms  of  animal  life 
which  now  existed  were  the  Ptero<lactylia  or  Flying  Lizards,  which  formed 
the  same  external  and  apparent  link  between  the  Reptiles  and  the 
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Birds,  that  the  Cheiroptera  (or  Bats)  form  between  the  Birds  and  the 
Mammals.  Tlie  Rero<lactyles  were  true  Saurians,  with  long  jaws  and 
shaq)  teeth,  and  with  four  legs  and  claws,  but  having  the  fifth  digit  of 
each  forepaw  enormously  elongated,  so  as  to  admit  of  the  attachment 
of  a  large  web  of  skin  stretching  from  it  to  the  hind  leg,  and  thus  make 
a  kind  of  wing,  and  give  the  animals  the  power  of  flitting  through 
the  air.  They  may  also  have  been  able  to  swim,  as  well  as  to  fly. 
There  were  several  si3ecies  during  the  Oolitic  Period,  none  of  which^ 
however,  seem  to  have  exceeded  a  cormorant  in  size,  though  others 
much  larger  appeared  subsequently. 

Tlie  Mammalian  remains  found  in  the  rocks  of  the  Oolitic  series, 
although  they  are  very  rare,  are  equally  interesting  with  those 
of  reptiles.  Most  of  them  seem  to  have  been  small  carnivorous  or 
insectivorous  ]Marsupials,  like  the  Tliylacinus  or  Myimecobius  of  Aus- 
tralia at  the  present  day.  The  Stereognathus  of  the  Stonesfleld  slate, 
however,  may,  according  to  Owen,  have  been  a  placental  mammal, 
possibly  hoofed  and  herbivorous. — {OweiCs  Palaontology,) 

Tlie  assemblage  of  these  Marsupial  mammals  with  species  of  fish 
like  the  Cestracion  or  Port  Jackson  shark,  species  of  Trigoniae  and 
Terebratula;,  so  like  those  on  the  shores  of  Australia,  and  species  of 
plants  so  closely  resembling  the  Australian  Zamia,  Cycas,  and  Arau- 
caria,  seems  to  ix)int  to  a  curious  analogy  between  the  flora  and  fauna  of 
Eurojie  and  other  pirts  of  the  world  during  the  Oolitic  Period,  and 
those  which  now  flourish  in  Australia.  Is  Australia  the  last  home  of 
a  peculiar  type  of  vegi^table  and  animal  life  which  once  was  common 
to  the  whole  world,  but  has  been  elsewhere  superseded  by  new  types  ? 
This  is  but  one  of  many  equally  interesting  questions  to  wliich  future 
generations  of  geologists  may  perhaps  be  able  to  give  satisfactory 
answers. 

The  terrible  gap  in  the  series  of  our  geological  records  between  the 
Carboniferous  and  Oolitic  Periods,  which  is  so  imperfectly  filled  by 
what  is  yet  known  of  the  Pennian  and  Triassic  deposits,  prepares  us 
for  the  statement  that  no  species  passes  from  the  preceding  periods  into 
the  Oolitic,  and  that  even  in  the  genera  the  contrast  is  greater  than 
the  resemblance. 

Ej'tinctlon  of  Life  during  the  Period, — The  genera,  then,  which 
survived  fnim  earlier  periods  and  became  extinct  during  the  Oolitic,  are 
necessarily  few,  for  many  of  those  which  are  common  to  them  have 
8ur\  ived  to  still  later  periods,  or  till  our  own  time.  The  following  are 
all  that  can  be  included  among  genera  of  earlier  date  now  dying  out : — 

Plants,   Calamites,*   Cyclopteris,  Hymenophyllites,   Otopteris,  Pecop- 
teris,  Sphenopteris. 

*  According  to  Sir  C.  Bunbory,  the  C.  Deanii  of  ScailWTOQgh  ig  a  true  Calamite. 
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Brachiopoda^  Lepteena,  Spirifera — (neither  seem  to  have  somved  the 

early  part  of  the  period,  that  in  which  the  Idas  was  deposited). 
Conchifera,  Posidonomya,*  Cardinia. 
Fishy  Nemacanthus. 

The  numerous  genera  marked  with  an  asterisk  at  p.  594  shew  that 
while  the  Oolitic  Period  was  fertile  in  the  production  of  new  generic 
forms,  there  were  also  many  consumed  during  its  lapse,  and  dying  out 
from  time  to  time  so  as  not  to  survive  its  close. 

This  is  true  also  of  the  species  to  an  equal  extent,  so  that,  with  the 
marked  exception  of  the  large  reptile  Megalosaurus  Bucklandi  and  one 
or  two  others,  no  species  living  during  the  Oolitic  Period  is  known  in 
any  later  deposit 

One  reason  for  this  is  doubtless  that  a  great  gap  in  the  marine 
depositions  occurs  at  the  close  of  the  Oolitic  Period,  which  in  western 
Europe  ended,  as  the  Cretaceous  Period  commenced,  with  a  series  of 
fresh-water  deposits. 

*  It  ia  probable  that  the  fossila  called  Posidonomya  in  the  Oolitic  xocka  are  in  reality 
CniBtacea.— {Cmm  Cif  Eaihtria.) 
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CRETACEOUS  PERIOD. 

The  Cretaceous  Period  is  so  called  from  the  Chalk  (ui  Latin,  creta] 
which  was  formed  during  a  part  of  this  time  over  a  large  area  now 
occupied  by  the  European  quarter  of  the  globe. 

We  have  just  seen  that  the  last  deposit  that  took  place  in  the 
British  area  during  what  has  been  called  the  Oolitic  Period  was  oi 
fresh-water  origin.  The  first  de^josits  of  the  Cretaceous  Period  withii 
that  area,  according  to  the  grouping  adopted  by  Sir  C.  Lyell,  were  in 
like  manner  fresh-water  deposits.  Professor  Phillips  groups  all  thes< 
fresh-water  deposits  together,  and  includes  them  in  the  Oolitic  series 
Perhaps  the  best  way  would  be  to  interpolate  another  distinct  period 
between  those  called  Oolitic  and  Cretaceous,  and  to  include  in  it  th< 
Purbeck,  the  Wealden,  and  the  Lower  Qreensand  deposits  ;  but  this  hai 
not  yet  been  attempted,  and  it  might  jwssibly  be  attended  with  ai 
many  difficulties  as  the  present  classification. 


Typical  Rock  Groups. 


On  both  petrological  and  palseontological  grounds  it  is  advisable  t< 
separate  the  rocks  formeil  during  this  period  into  two  large  groups,  i 
Lower  and  an  Upper.     They  may  then  be  tabulated  as  follows  : — 

Feet. 
8.  Maestricht  and  Faxoe  beds,  Pisolitic  chalk  100 
7.  \\Tiite  chalk,  \\nth  flints    ....     600 


Upper 
Cretaceous. 


Lower 
Cretaceous 


-! 

I 
.   I  1. 


6.  White  chalk,  without  flints 

5.  Chalk  marl 

4.  Upper  greensand 

3.  Gault 

2.  Lower  greensand 
Wealden  beds . 


600 
100 
100 
150 

850 
1300 


The  groups  6  and  7,  forming  together  the  true  Chalk,  are  the  mof 
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important  and  persistent  members  of  the  series  in  Britain.  They  spread 
in  one  unbroken  cange  of  high  swelling  downs  across  England  from 
Dorchester  to  the  coast  of  Norfolk,  where  they  are  broken  through  by 
the  broad  estuary  of  the  Wash  ;  they  reappear  again  in  Lincolnshire, 
stretching  from  the  Wash  to  the  Humber,  and  again  in  Yorkshire,  where 
they  rise  into  the  hills  called  the  Yorkshire  Wolds,  and  terminate  in 
the  white  clifGs  of  Flamborough  Head. 

In  Wiltshire  and  Hampshire  this  ridge  is  expanded  into  the  wide 
undulating  upland  called  Salisbury  Plain,  £rom  which  the  chalk  spreads 
towards  the  east  until  it  separates  into  two  distinct  east  and  west  ridges, 
one  called  the  South  Downs  running  north  of  Brighton  and  terminating 
in  Beachy  Head,  the  other  called  the  North  Downs  running  by  Guild- 
ford and  Rochester  to  Dover  and  the  North  and  South  Forelands. 

Another  ridge  parallel  to  these  starts  from  Dorchester  to  Purbeck 
HUl,  and  traverses  the  Isle  of  Wight  from  the  Needles  to  Culver  Cflifis. 

Large  outlying  patches  of  Chalk  occur  to  the  west  of  Dorchester, 
the  most  westerly  being  the  one  at  Sidmouth. 

It  is  in  the  south  of  England  only  that  the  group  called  No.  1,  The 
Wealden  beds,  is  to  be  found,  chiefly  in  the  country  between  the  two 
ridges  just  spoken  of  as  the  North  and -South  Downs,  or  to  the  south- 
ward of  that  which  runs  through  Purbeck  and  the  Isle  of  Wight. 

The  following  fig..  No.  1 20,  represents  a  section  through  part  of  the 
west  coast  of  the  Isle  of  Wight,  where  the  Cretaceous  series  and  some  of 
the  beds  above  them  may  all  be  seen  in  the  space  of  about  a  mile. 

..       /'       ^ 

'//  //  /      /     / 

,.'''(!  ii  I  *    '   ' 1 L /         /  t'^aKOKr-  ■ '  ./y. 

hS  y  •       rf     C  *  ff 

Fig.  120. 
Section  through  Shalcombe  Down,  on  the  wett  coast  of  the  Isle  of  Wight. 

Feet. 

A.  London  clay  I  Tertiary  rocks. 
g.  Plastic  clay     ) 

/.  Chalk  with  flints ^^ 

«.  Chalk  without  flints 10^^ 

d.  Upper  Greensand ^^ 

c.  Oault ^^ 

h.  Lower  Greensand ®^ 

a,  Wealden  beds,  exposed  to  a  depth  of 400 

This  section  is  reduced  from  sheet  47  of  the  Hor.  Sec.  of  the  G.  S., 
drawn  by  Mr.  Bristow. 
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A  eimilar  section  by  the  same  gentleman  is  given  in  sheet  56,  in  a 
line  running  through  Purbeck  Hill,  in  which  the  total  thickness  of  the 
chalk  is  1400  feet,  and  that  of  the  Wealden  beds  also  1400  feet,  the 
Purbeck  beds  below  them  shewing  196  feet.-^See  also  the  maigin  of 
Professor  Ramsay's  Map  of  England  and  WaUs^ 

The  Lower  Cretaceous  Rocks  consist  of  the  Wealden  beds  and 
the  Lower  Greensand. 

1 .  The  Wealden  beds,  so  called  from  their  now  foiming  a  district 
known  as  the  Weald  of  Kent  and  Sussex,  consist  of  a  great  series 
of  sandstones  and  shales,  with  a  few  beds  of  limestone  and  ironstone 
occasionally.  They  are  often  full  of  large  fragments  of  drift  wood, 
and  of  the  remains  of  fresh-water  shells,  and  of  some  fresh-water  and 
some  land  animals  (reptiles).  In  general  appearance  the  Wealden  rocks 
not  unfrequently  resemble  some  of  the  Coal-measures  of  the  true 
Carboniferous  Period. 

Tliese  beds  look  like  a  fossil  delta  formed  at  the  mouth  of  some 
great  river,  which  brought  down  the  sweepings  of  a  great  tract  of  dry 
land  to  the  area  lying  between  Purbeck  and  Boulogne. 

The  Wealden  rocks  are  conimonly  divided  into  two  groups — 

Feet. 

h,  Tlie  Weald  clay 280 

a.  The  Hastings  sand  ....  1000 

These  distinctions,  however,  seem  hardly  to  be  carried  out  by  any 
precise  line  of  demarcation.  Tlie  lower  beds  are  more  arenaceous,  and 
the  upper  more  argillaceous  ;  but  great  beds  of  clay  occur  interstratified 
with  the  Hastings  sands,  and  beds  of  sand  with  the  Weald  day.  It  is 
probable  that  these  beds  change  their  character  laterally  as  well  as 
vertically,  great  banks  of  sand  and  large  deposits  of  mud  having  been 
ff»rmed  side  by  side.  The  sandstones  are  sometimes  impregnated  with 
carbonate  of  lime,  so  as  to  become  calcareous  grits,  and  small  beds  of 
limestone  (forming  Petworth  or  Sussex  marble),  chiefly  consisting  of 
fresh-water  snail  shells  (Paludiua)  occur  here  and  there  in  the  clay. 
Local  names  were  given  by  Dr.  Mimtell  to  the  different  parts  of  the 
Wealden  series  in  different  places,  as  Ashbumham  beds.  Worth  sands, 
Tilgate  beds,  Horsham  beds,  etc.,  the  Ashbumham  beds  being  the 
lowest  of  the  series. 

jMt.  Drew,  of  the  Geological  Survey,  has  lately  described  {Q.  J,  OeoL 
Soc.f  vol.  xvii.)  with  more  precision  the  upper  part  of  the  formation  as 
it  exists  around  Tunbridge  Wells.     His  classification  is  as  follows  : — 

Feet. 
4.  Weald  clay,   with  some    beds  of  stone,  10  feet  thick 
near  Horsham  and  hence  called  Horsham  stone,  lying 
about  120  feet  above  the  base  of  the  clay  .         .     600 
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3.  Tunbridge  Wells  sand,  with  a  bed  of  clay  called  Grinsted 
clay,  60  feet  thick,  coming  in  towards  the  west  between 
the  Upper  sand  above  and  the  Bock  sand  below 

2.  WadhuTst  clay,  with  one  or  two  little  beds  of  sand,  a 
shelly  limestone  formed  of  Cyrena,  and  a  band  of  day 
ironstone,  once  largely  used  for  iron  ore 

1.  Ashdown  sand,  like  the  Tunbridge  Wells  sand,  and  con- 
taining subordinate  beds  of  clay  and  ironstone  ;  base 
not  seen,  but  having  a  thickness  of  upwards  of 


Feet 


200 


100 


250 


Characteristic  Fossils  of  the  Wealden  Beds. 


Clathraria  Lyellii  . 
Endogenites  erosa  . 
£([uisetum  Lyellii  . 
Lonchopteris  Mantellii 
Sphenopteris  gracilis 
Thuytes  Kurrianus 


Cyrena  major 
Cyrena  media 
Mytilus  Lyellii 
Unio  Valdensis 
Unio  Mantellii 


Cerithium  carbonarium. 
Melanopsis  tricannata 
Neritina  Fittoni 
Paludina  fluviorum . 
■  Sussexiensis 


Cypridea  Valdensis . 
Estheria  membranacea 


Gyrodus  Mantellii  . 
Lepidotus  Fittoni  . 
Pycnodus  Mantellii 


PlanU. 

Mantell's  Meds.,  ch.  vL 
Foss.  gr.  34,  a. 
Mantell's  Meds.,  fig.  12. 
GeoL  Tr.  vol.  L,  2d  ser. 
Ly.  Man.,  fig.  312. 
Mantell*s  Meds.,  fig.  62. 

Conchifera, 

QeoL  Tr.  voL  iv.,  2d  ser. 
Foss.  gr.  34,  h, 
Qeol.  Tr.  voL  iv.,  2d  ser. 
Tab.  y.  and  Ly.  Man.  fig.  309. 
Foss.  gr.  34,  c. 

Ocisteropoda, 

Gteol.  Tr.  voL  iv.,  2d  ser. 

Ibid. 
Foss.  gr.  34,  d. 
Tab.  View. 


Crustacea, 


Foss.  gr.  34,  «  (magnified). 
Sow.  M.  C,  527. 


Fish. 


} 


Agassiz. 
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Cetiosaunis  breyia    . 
Chelone  Bellii 
t  Hylecosaurus  Owenii 


SeptOa. 

Mantell's  TU.  foae^*  t  9. 
MauteU'B  Med&,  %  S4a 
UAntell'B  Wond^*  7Qi  ed. 


Igunnodon  Maotellii 
Plerodfictylus  Cliftii 
Strcptoppondylus  major 
Tretoateraon  Bakevellii 


Mantell'a  Meds^  cL  xvii. 

Ibwl.  TiLfoBa. 
Ow.  Brit  Aas.  Rep. 
Maatetl's  Ifeda,  %  241. 


Pulicomia  Cliftii. 
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2.  The  Lower  Oreensand  is  best  seen  at  Atherfield  and  other  places 
in  the  Me  of  Wight,  and  at  Hythe  and  other  parts  of  the  coast  of 
Kent.  It  there  consists  of  alternations  of  sands,  sandstones,  and  clays, 
i;(ith  occasional  calcareous  bands.  The  calcareous  sandstones  sometimes 
fonu  hard  bands,  known  as  Kentish  Hag;  the  clays  are  sometimes 
excellent  fullers'  earth,  60  feet  in  thickness,  and  are  most  abundant  in 
the  lower  part  of  the  formation,  the  upper  being  almost  entirely  sands. 
The  general  colour  is  dark  brown,  sometimes  red,  and  the  sands  are 
often  bound  together  by  an  abundance  of  oxide  of  iron,  from  which  the 
fonuation  was  formerly  called  Iron  Sand.  It  has  also  been  called 
Shanklin  Sand  from  a  place  in  the  Isle  of  Wight  It  derives  its  name 
of  Greensand  from  the  occurrence  of  a  number  of  little  dark  green 
specks  (silicate  of  iron)  which  are  sometimes  so  abundant  as  to  give  a 
greenish  tinge  to  some  of  the  beds  ;  but  the  term  ^  green"  is  generally 
quite  inapplicable  as  a  description,  though  it  still  remains  as  a  com- 
monly received  Tiame.  The  whole  formation  in  Britain  is  very  various 
in  character.     Its  maximum  thickness  is  843  feet 

The  beds  immediately  above  the  Wealden  shew  sometimes  a  sort 
of  passage  lithologically,  as  if  partly  made  up  of  those  below,  while  the 
fossils  are  quite  distinct,  being  entirely  marine.  It  appears  that  a  de- 
pression had  taken  place  and  allowed  the  sea  to  flow  over  the  area 
which  had  been  previously  covered  with  fresh  water.  The  change  may 
thus  be  one  of  conditions  rather  than  one  of  great  lapse  of  time — ^a 
supposition  strengthened  by  the  feet  of  the  bones  of  the  Iguanodon 
Mautellii  being  found  in  the  Lower  Greensand,  shewing  that  the  great 
reptile  still  lived  on  some  neighbouring  land,  and  that  an  occasional 
carcass  of  it  was  swept  out  to  sea. 

Characteristic  Fossils  of  the  Lower  Qreensaiid. 


Abietites  Benstedi 


Holocystis  elegans 


Rhynchonella  Gibbsii 
Terebratula  sella 


Astarte  Beaumontii. 
Cardium  sphseroidium 
Cucullsea  costellata 


Plants, 


Actinozocu 


Brachiopoda. 


Conchifera, 


Q.  J.  G.  S.,  voL  iL 

Foss.  gr.  35,  a. 

Foss.  gr.  36,  h, 
Fbss.  gr.  35,  c. 


Q.  J.  G.  S.,  vol.  i. 
Sow.  M.  C,  447. 


di3^ 


Luwer  arwDMnd  FohUi. 
I.  HnloF]'itls  elFi;!]!!.  (.  GervillU  incept. 

J.  &hynehnD«]lA  G^btvili  /.  Spbsn  carrngmU. 

—     -        •       "  g_  AncjtocBm  gfgis. 


d.  Eiogyra  Rtniuta. 

Poma  Mulleti. 

Rdjuienia  (Diceraa)  Lonsdaleii 

Sphccra  comignta 

TholU  minor 

Trigonia  dicdalia    . 

caudata 


Tub.  V.  and  Ly.  Man.,  fig.  296. 

Tab.  View. 

Foas.  gr.  36,/ 

Tab.  View. 

Sow.  M.  C.  88. 

Tab.  V.  and  Phil  Man.,  fig.  886. 


Oatteropoda. 


GeoL  Tt.  toL  ii 
Tab.  View. 
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Cephalopoda, 

Ammonites  Martini 

Ancyloceras  (Scaphites)  gigas    . 

Belemnites  dilatatns 

Crioceras  DuvaliL 

Nautilus  plicatns    .... 


Cardiaster  Benstedi 
Hemipneustes  Fittoni 
Salenia  punctata     . 

Meyeria  Yectensis  . 
Protemys  serrata     . 


Eckinodermata. 


Crustacea, 


Reptiles. 


Tab.  View. 
Fobs.  gr.  36,  y. 
Mantell's  Med.,  fig.  141. 

Tab.  View. 


M.  G.  S.,  Dec  4. 

Ihid, 
Tab.  View. 


Manteirs  Wonders, 
fig.  73. 

Owen.  Br.  Foss.  Rept. 


The  Upper  Cbbtageous  Hocks. 

3.  Gault. — ^Thifl  is  a  stiff  dark  gray,  blue,  or  brown  clay,  often 
used  for  brick-making.  It  can  be  seen  very  well  at  Cambridge  and  at 
Folkestone,  and  at  various  places  below  the  escarpments  of  the  North 
and  South  Downs  in  the  Wealden  district,  as  in  the  neighbourhood  of 
Reigate  for  instance.  It  is  not  known  anywhere  to  the  north  of 
Cambridgeshire,  unless  it  forms  part  of  the  Speeton  day  of  Yorkshire. 
The  foBsils  in  it  are  often  beautifully  preserved,  as  in  other  similar 
clays,  having  been  well  packed  and  protected  from  atmospheric  or 
other  influences. 


CJuiracteristic  Fossils  of  the  Oault, 
Foraminifera, 


Kotalina  caracoUa. 


Cyathina  Bowerbankii 
Cyclocyathus  Fittoni  . 
Trochocyathus  conulus 
Trochosmilia  sulcata  . 


Actifiozoa, 


Inoceramus  concentricus 
sulcatus 


Conchifera, 


Br.  Foss.  Cor. 
Tab.  View. 
Foss.  gr.  36,  a. 
Br.  Foss.  Cor. 


Tab.  View. 
Foss.  gr.  36,  h. 
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Nucula  pectinata 
Plica  tula  pectinoiJes 


Dentalium  «llipticuni , 
Natica  GuuUina 
Rostelloria  carinata 
Scalaria  Oaiiltina 
Solarium  cu&oideum    . 


Tab.  View. 
Tab.  View. 
Fobs.  gr.  36,  d. 
Fou.  gr.  36,  e. 
Tab.  View. 
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Ammonites  dentatas  . 
'        lautus 

interraptus 

splendens 

■'        varicoBUs 
Belemnites  minimus  . 
Hamites  intennedius  . 
— —  spiniger 
Helicoceras  (Hamites)  rotimdus     . 

Echinodermata, 
Hemiaster  Bailyi 
Pentacnnus  Fittoni     . 

Anndida, 
Serpula  articulata 

Crustacea. 
Notopocorystes  Bechei. 
■  Stokesii 


Tab.  View. 
Tab.  View. 
Tab.  View. 
Fobs.  gr.  36,  g. 
Tab.  View. 
Tab.  View. 
Foss.  gr.  36,  A. 
Ly.  Man.,  fig.  291. 
Tab.  View. 

M.  G.  a,  Dec.  5. 
QeoL  Tr.,  vol.  iv. 

Sow.  M.  C,  599. 


Tab.  v.,  and  Mant  Med., 
fig.  168. 


4.  Uppeb  Qreensand. — ^This  set  of  beds  often  resembles  the  Lower 
Greensand  in  lithological  character,  but  the  same  caution  is  to  be  used 
in  taking  its  designation  for  a  nante  only  and  not  for  a  descriptioiiy  as  the 
sands  are  by  no  means  always  green,  and  other  sands,  especially  some 
Tertiary  sands,  are  to  be  found  quite  as  green,  or  greener,  than  those 
which  have  received  the  name  of  Greensand.  Beds  and  concretionary 
masses  of  calcareous  grit  occur  in  it,  sometimes  called  Firestone,  some- 
times Malm  rock.  Concretions,  probably  coprolitic,  containing  phos- 
phate of  lime,  also  occur,  and  are  valuable  to  the  agriculturist  It  has 
been  surmised  that  the  Upper  Greensand  may  be  in  part  a  shore 
deposit,  and  therefore  contemporaneous  with,  rather  than  preceding, 
the  lowest  beds  of  the  chalk,  but  wherever  the  two  are  together,  we 
always  find  the  Upper  Greensand  underneath  the  Chalk  MarL  In 
Cambridgeshire  the  Upper  Greensand  is  often  not  more  than  three  feet 
thick,  but  it  thickens  towards  the  west  and  south,  and  in  Wiltshire 
and  the  Isle  of  Wight  is  over  1 00  feet. 

characteristic  Fossils  of  the  Upper  Oreensand. 


Spongidoi, 

CTienendopora  fungiformis     . 
Siphonia  pyriformis      . 
Verticillites  anastomosans 


Foss.  gr.  37,  a. 

Tab.  V.  and  Ly.  Man.,  286. 

Mant  Med.,  fig.  70. 
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fihynchonella  latissi 
TerebraWlla  pectila 
Turebnttida  biplit 
Trigonoeeniua  Ijia 


Dar.  Cr.  Bnich. 
Tob.  View. 
FoM.  gr.  37,  d. 
Lj.  miL,  fig.  289. 


PomLI  Gronp  No.  87. 
UrfET  arecDJUiiul  FohOl 
a.  CheDeDdo{>on  ftingifonitla.  a.  Exogjrm  Dolamba. 

h.  Ulcnbacli  coronulL  /  pHtnncnliu  niTaMl 

c  RchlniiB  gTumloBD^ 
[I.  Tersbntul*  bipllcau. 


Area  carinata 
Canlimu  Hillanum 
Cucullam  fibrosa 
ExogyiB  columba 


Sow.  M.  C,  44. 
Tab.  View. 
Tab  View. 
Foeo.  gT.  37,  t. 
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Gryphsea  vesiculosa 
Pecten  quiDquecostatus 
Pectunculus  sublsBvis 
Tlietis  major 
Trigonia  dsedalia  '\ 


Gasteropoda 


Actseon  affinis 
Natica  Gentii 
Turritella  grannlata 

Ammonites  auritiji^ 
■  rostratus 


Cephalopoda 


Echinodtrmata. 


Catopygus  carinatus 
Diadema  BennettisB 
Discoidea  subnculus 
Echinus  granulosus 
Salenia  personata 

Vennicularia  concava 


Annelida. 


Sow.  M.  C,  369. 
Tab.  View. 
Fos8.gr.  37,/. 
Sow.  M.  S.,  513. 
Tab.  View. 


Tab.  View. 
Sow.  M.  C.  64. 
Tab.  View. 


Fobs.  gr.  37,  g. 
Sow.  M.  C,  173. 


M.  G.  S.,  Dec.  1. 

Ihid,y     Dec  6. 

Ihid,,     Dec  1. 
Fobs.  gr.  37,  c. 
Tab.  View. 


Tab.  View. 


Reptiles, 

Professor  Sedgwick  at  the  meeting  of  the  British  Association  at 
Oxford  gave  an  account  of  the  wonderful  reptilian  remains  that  had 
been  lately  discovered  in  the  little  seam  of  the  Upper  Greensand  at 
Cambridge,  and  of  their  determination,  by  Professor  Owen,  There 
were  remains  of  Dinosaurians  analogous  to  the  Iguanodon,  of  Teleosaurus, 
Ichthyosaurus,  2  or  3  ;  Plesiosaurus,  6  or  8  ;  Pol3rptichodon  ;  and 
5  specimens  of  Pterodactyle,  varying  in  size  from  that  of  a  pigeon  or 
Madagascar  bat,  up  to  one  with  a  spread  of  wing  25  feet  across. 
There  were  also  8  or  10  Turtles,  large  and  small. 

Birds. 

In  addition  to  these,  the  bones  of  two  species  of  birds  had  been 
discovered,  which  must  have  been  about  the  size  of  a  pigeon. 

The  Chalk  Pbopeb.  Over  the  beds  thus  described  extends  the 
great  formation  of  the  true  chalk,  the  subdivisions  of  which  may  be 
thus  described  : — 

5.  Chalk  Marl.  The  top  of  the  Upper  Greensand  becomes  argil- 
laceous, and  passes  upwards  into  a  pale  buff-coloured  marl  or  argillaceous 
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limestone,  sometimes  of  sufficient  consistency  to  be  used  as  a  building 
stone.  This  in  its  liigher  i>ortion  begins  to  lose  the  aigillaceous  charac- 
ter, und  gradually  passes  into  the  soft  white  pnlvenilent  limestone 
familiar  to  every  one  as  chalk. 

6.  White  Chalk  without  Flints.  This  is  a  great  mass  of  soft 
and  often  i)ulvei'ulent  limestone,  thick  bedded,  the  stratification  often 
obscure,  partly  from  the  obliteration  of  the  bedding  planes,  partly  from 
the  abundance  of  quadrangular  and  diagonal  joints,  the  surfaces  of  which 
are  often  weather-stained,  dirty  green,  or  yellow.  Nodular  balls  of 
iix>n  p^Tites,  radiated  internally,  are  frequent  in  it,  and  produce  rusty 
stain?  about  the  rock. 

7.  White  Chalk  with  Flints.  There  ars*4io  lithological  distinc- 
tions  l)etween  the  Lower  and  Upper  Chalk,  except  the  occurrence  in 
the  latter  of  rows  of  nodules  of  back  flint,  and  occasionally  of  seams 
and  layers  of  the  same  substance.  These  occur  either  along  the  planes 
of  stratification  or  piirallel  to  them,  so  that  they  point  clearly  out  the 
original  bedding  of  the  ruck. 

It  is  rait;  to  find,  cither  in  the  Upper  or  Lower  Chalk,  anything  but 
pure  limestone  or  pure  Hint.  Little  pebbles,  however,  sometimes  occur 
in  it,  probably  earned  by  the  roots  of  plants  ;  and  in  a  cliff  a  little  east 
of  Dieppe,  I  once  observeil  in  the  heart  of  the  Upper  Chalk,  a  little 
band,  about  8  inches  thick  and  20  feet  long,  of  brown  clay  or  marl, 
perfectly  interstratified  with  the  Clialk,  and  not,  as  it  seemed  to  me, 
connected  with  any  i)it  holes,  by  which  it  could  have  been  swept  in 
from  the  surface.  Mr.  Godwin  Austen  has  described  the  occurrence  of 
a  large  boulder  of  granite,  ap2)arently  of  Scandinavian  origin,  which 
was  found  in  the  Chalk  near  C^ydon,  and  other  extraneous  fragments 
both  there  and  elsewhere. — {Q.  J.  Ged.  Soc,,  voL  xiv.) 

Although  the  Chalk  and  the  Carboniferous  Limestone  are  so  diffe- 
rent in  texture  and  induration,  there  is  yet  a  certain  resemblance  in  the 
forms  of  the  coimtry  they  produce.  Their  hills  have  equally  broad 
imdulating  grassy  downs,  the  escarpments  of  which  are  quite  smooth 
in  the  chalk,  while  they  are  notched  into  steps  in  the  mountain  lime- 
stone. Their  valleys  are  equally  marked  by  scaurs,  and  tors  and 
pinnacles,  as  any  one  may  see  by  comparing  the  forms  of  the  rocks  on 
the  sides  of  the  valley  of  the  Seine  with  those  in  the  valleys  of  Derby- 
shire. The  forms  are,  of  course,  bolder,  larger,  and  more  durable,  in 
the  latter  than  the  former. 

Characteristic  FomU  of  the  Chalk. — These  are  very  numerous, 
certain  forms  being  found  more  or  less  common  throughoi:!^  the  Chalk, 
and  several  being  common  to  the  whole  Upper  Cretaceous  series,  from 
the  Gault  to  the  Upper  Chalk. 

It  appears  that  it  is  possible  to  select  two  lists  of  foasUs,  one  set 
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being  either  pecnliai  to  the  lower  put  of  the  chalk,  oi  most  abundant 
in  it ;  the  other  Mt  being  equally  confined  to,  or  most  common  in,  the 
upper  part  of  it.  It  appears,  however,  to  me,  to  be  the  best  for  the 
Bake  of  leference,  to  tmite  the  two  lists  with  which  Ur.  Baily  has 
supplied  me,  appending  to  each  species  a  U.  for  the  Upper  Chalk,  L. 
for  the  Lower  Chalk,  and  U.  for  the  Chalk  Marl. 


Lowar  Chalk  PomOh. 
It  Aumclijts  Ribf^bfaiu.  f.  Anunonilei  nrUoa- 

\  Rbjuchonatla  CorlnL  /.  BwMillUi  ucepa. 

"  ~~  (.  Bo^ililM*  «qiti*llii. 

*.  TnirUiUa  coaUtua. 


I'.  Choanites  Konigi. 

v.  Ventriculites  decurrens 


Tab.  V.  and 
Mant  Med.  fig.  76. 

Tab.  V.  and 
Ly.  Man.  fig.  264. 
Hut  Med.  fig.  81. 
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U.  linlimitia  oMiqiia. 
U.  Cristellaria  rotulaUi 
U.  Dtrtiilina  grociliB. 
U.  Rotaliiia  omatn. 


U.  HeWropora  ciyptopora. 
U.  Lunulitea  crelaceus    . 


Brit  Foss.  Cor. 


Mant.  Med.  cut  70, 
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Brachiopoda, 


U.  Crania  Xgnabeigensis 

U. PariEtiensis    . 

U.  Magas  pumila 

L.  Rhynchonella  Cuvieri 

U. octoplicata    . 

U.  Terebratula  caxnea 
U.  Terebiatulina  striata 


Conchifera, 

U.  Exogyra  conica 

IT.  Inoceramos  Brongniarti 

U. Lamarckii 

L. mytiloides 

K  Lima  Hoperi 
L.  OstrsBa  fi!ons 

U. vesicularis 

L.  Pecten  Beaveri 

U. nitidos 

L.  Plicatula  inflata 

L.  Pholadomya  decussata 

U.  Spondylus  (Plagiostoma)  spinosus 

Gasteropoda. 

L.  Avellana  cassis 

L.  Phorus  canaliculatas 

U.  Pleurotomaria  perspectiva 

Cephalopoda. 

L.  Ammonites  complanatus 

M. Rothamagensis 

L.  varians 

L.  Baculites  anceps  . 
U.  Belemnitella  mucronata 

L.  plena  . 

L.  Hamites  simplex  . 
L.  Nautilus  elegans  . 
L.  Scapkites  equalis  . 
L.  Turrilites  costatus 


Foss.  gr.  39,  e. 

Tab.  View. 

Tab.  V.  and  Ly.  Man.  266. 

Foss.  gr.  38,  b. 

Tab.  V.  and  Ly.  Man.  265. 

Foss.  gr.  39,/. 

Day.  Brach. 


Sow.  M.  C.  605. 
Ibid.       441. 
Foss.  gr.  39,  y. 
Foss.  gr.  38,  c. 
Foss.  gr.  38,  d. 
Sow.  M.  C,  365 
Ly.  Man.  fig.  275. 
Ly.  Man.  fig.  270. 
Foss.  gr.  39,  h. 
Sow.  M.  C.  409. 
PhiL  G.  Y.  t  2. 
Tab.  View. 


D*Orbigny. 

Ibid. 
Sow.  M.  C.  428. 


Sow.  M.  C.  94. 
Ly.  Man.  ^.  290. 
Foss.  gr.  38,  e. 
Fo8s.gr.  38,/. 
Foss.  gr.  39,  ». 
Shaipe,  Chalk  Moll  * 
D'Orbigny. 
Mant.  Med.  fig.  151. 
Fos&  gr.  38,  g. 
Foss.  gr.  38,  A. 


Echinodermata, 

U.  Ananchytes  ovatus         .         .         Tab.  V.  and  Mant  Med. 

-  ^.  104. 

*  Chalk  MoUnaoa  by  D.  Sharpe,  PaL  8oc 

2d2 
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L.  Ananchytcs  nibglobomu 
U.  BourguetieriauB  ellipticus 
U.  Cn.r<liastcr  gianulueu^  . 
U.  CiilarU  peromata 
L.  Dipcoidea  cylindtica     . 
U.  Galerites  BlbogalcruH    . 
U.  Qoniaster  ParkinBoiii   , 
U.  Marsupitcs  omotun 
U.  Mioraster  coranguinuni 
L.  Salcnia  AustL-iii 


Fosa.  gr.  38,  a. 
Dii.  FosH.  81U8.* 
Tab.  View. 
Dix.  Foaa.SuB8. 
Mem.  G.  &,  Doc,  1 
FoM.  gr.  39,  c 
Foaa.  gr.  39,  (. 
Fou.  gr.  39,  o- 
Foss.  gr.  39,  a. 
M.  Q.  a^  Dec  5. 


L.  Scrpuk  amphisboona   . 


L.  Enoyiloclytia  Siissexk'i: 


Mant  Med.,  fig.  II 


I) 


U.  BerjTt  LeweaicnHifl 
U.  LniuDn  acuniinala 
U.  MocropoDia  Manttllii  . 
U.  Otinieniidea  Lcweaiensis 
U.  OtoiIuH  appeiiiliculatUH 
L.   Ptj-clioiluB  decurrelis    . 

Rrjilile 

L.  Chclone  Ben»tedi 

L.  Dolichosaunu  longitollus 

li.  IchthyoBaiirus  campylidlon  . 

U.  MoBoaaurua  gracilU 

I,.  Plefliosaurus  Bemanli 

L.  Polnityfihodon  int«miptiia  . 

L.  Pterodactylu3  Cuvieri 


MajiMll'sWonil,f 
Dix.  F088.  Sum. 
MaiiteU'HWond.,£ 
ManteU'B  Wond.,  f 

Di3.  Fosa.  Sum. 
Ly.  Man.,  fig.  2S7 


MonL  Med.,  fig.  2 
Dix.  Foas.  Suss, 

Ibid. 
Mant.  Med.,  ch.  x' 
Dix.  Fobs.  Siis& 

Jlid. 
Ow.  Br.  Fosa.  R*i 


There  Are  in  Britaint  no  lieds  containing  cbalk  fosaila,  or  i 
ivny  beloni^g  to  Uie  chalk,  lying  above  the  true  chalk  with  flinb 

8.  SIaestricht  or  PiaoLiTic  Chalk.  In  parts  of  tJie  No 
France,  however,  tJiere  occur  curious  bonk*  of  a  whit«  pisoUtic 
stnnc,  re-sliuR  apparently  In  hollows  of  the  chalk,  not  always  on  ( 
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the  upper  portion  of  it,  and  being  therefore  apparently  slightly  uncon- 
formable to  it  It  occurs  also  sometimes  on  the  same  level  as  the  lower 
beds  of  the  Tertiaiy  rocks  about  it  The  fossils  are  rather  peculiar, 
but  some  of  them  are  true  Cretaceous,  while  none  I  believe  are 
Tertiary  forms. 

Near  Maestricht,  in  Holland,  also,  the  chalk  with  flints  (No.  7)  is 
covered  by  a  kind  of  chalky  rock  with  gray  fliuts,  over  which  are  some 
loose  yellowish  limestones,  without  flints,  and  being  sometimes  almost 
made  up  of  fossUs. 

Similar  beds,  containing  some  of  the  same  fossils,  occur  also  at 
Faxoe  in  Denmark. 

Characteristic  Fossils, — ^Together  with  several  true  Cretaceous  fossils, 
such  as  Pecten  quadricostatus,  Belemnites  mucronatus,  Terebratula 
camea,  etc.,  these  beds  contain  species  of  the  genera  Voluta,  Fasciolaria, 
Cyprsea,  Oliva,  Mitra,  Cerithium,  Fusus,  Trochus,  Patella,  Emaiginula, 
etc.,  several  of  which  genera  are  elsewhere  found  in  Tertiary  rocks 
only. 

In  the  beds  near  Maestricht,  the  head  of  a  large  lacertilian  reptile 
was  formerly  discovered,  which  received  the  name  of  Mosasaurus  Hof- 
manni  {ManteWs  Ifeds,,  fig.  227),  of  which  the  head  alone  is  more  than 
three  feet  long. — {OwemUs  PahBontology,  p.  279.) 

Outlifiiig  English  Deposits, — There  are  some  outlying  deposits  in 
diflferent  parts  of  England,  respecting  which  there  are  some  doubts  as 
tu  their  exact  place  in  the  series. 

The  Speeton  Clay  of  Yorkshire  rests  upon  the  Coralline  Oolite,  with 
a  very  thin  band  of  what  might  be  Kimmeridge  clay  at  the  bottom. 
Professor  E.  Forbes  believed  that  it  belonged  to  the  Lower  Greensand  ; 
Professor  Phillips  classes  it  with  the  Qault  It  has  a  set  of  fossils  pecu- 
liar to  itself,  and  one,  Exogyra  minuta,  common  to  it  and  the  Lower 
Greensand.  If,  however,  this  Speeton  clay  really  belongs  to  the  Lower 
Cretaceous  group,  it  forms  a  mafked  exception  to  the  otherwise  general 
fact  that  that  group  is  absent  in  Yorkshire.  On  the  other  hand,  the 
Upper  Cretaceous  series,  commencing  there  with  the  Red  Chalk  band, 
overlaps  the  Speeton  clay  unconformably,  as  it  does  all  the  lower  beds, 
concealing  in  one  part  even  the  whole  Oolitic  series  down  to  the  Lias. 

The  Greensands  of  Black  Down  in  Devonshire  include  a  mixture  of 
fossils  which  elsewhere  are  confined  to  the  Lower  Greensand,  the  Gault, 
and  the  Upper  Greensand. 

There  are  also  sands  and  gravels  near  Farringdon  in  Wiltshire,  in 
which  Lower  Greensand  fossils  are  mingled  with  others  belonging  to 
Upper  Cretaceous  rocks.  As  these  beds  are  not  covered  by  any  other 
rock,  Mr.  Daniel  Sharpe  suggested  the  possibility  of  their  being  gravel 
(drift,  or  shore  deposits)  of  a  later  date  than  the  Chalk  itself,  yet  belong- 
ing to  the  Cretaceous  Period,  and  that  the  fossils  had  been  washed  out 
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of  the  different  beds.  Tliey  are  conaidered,  however,  by  the  Geologi* 
col  Surv^ey  to  belong  to  the  Lower  Greensand,  as  are  also  t^e  fieah-water 
iron  sands  capping  Shotover  Hill  near  Oxford,  though  it  is  possible  that 
these  may  belong  to  the  Wealden  beds. — (See  Menu.  OeoL  Survey  de^ 
script  ion  of  sheet  13  ;  and  also  Prof,  PhilUp9  in  Q.  J,  OeoL  Soc^  vol, 
xiv.,  p.  236.) 

The  Red  Chalk  at  the  base  of  the  White  Chalk  of  Norfolk, 
Lincoln,  and  Yorkshire,  in  which  latter  locality  it  rests  unconfoimably 
on  the  Speeton  clay,  is  peculiar,  not  only  from  its  lithological  character, 
but  fi-om  containing  some  peculiar  fossils  along  with  others  that  range 
from  tlie  Gault  into  the  Chalk.  Mr.  H.  Seely,  in  a  paper  in  the  Aj/maU 
and  Magazitie  of  Natural  History  for  April  1861,  supports  the  supposi- 
tion of  its  being  a  part  of  the  Upper  Qreensand,  which  is  not  other* 
wise  represented  north  of  Cambridge. 

The  existence  of  local  groups  of  rock,  however,  that  will  not  exactly 
fit  into  the  general  series,  either  from  their  containing  fossils  different 
from  those  found  in  any  other  group,  or  from  their  imiting  parts  of  two 
sets  of  fossils  which  are  elsewhere  distinct — although  sometimes  per- 
plexing— seems  to  me  neither  unnatural  nor  different  from  what  might 
be  expected.  It  merely  shews  us  that  which  has  been  often  before  in- 
sisted on,  namely,  that  our  series  is  a  series  of  fragments,  and  not  one 
of  absolutely  continuous  succession.  The  intervals  between  beds  have 
been  often  very  great,  those  between  formations  incalculable,  the  local 
deposits  formed  here  and  there  in  these  intervals  will,  of  course,  often 
have  characteristics  different  from,  or  intermediate  between,  the  preced- 
ing and  following  grouj>s. 

Lie  a)\d  Position  of  the  Cretaceous  Rocks  in  England, — There  is  yet 
another  cause  for  uncertainty  in  the  exact  determination  of  the  date  of 
sonic  of  the  deposits  at  the  base  of  the  Cretaceous  series  in  different 
parts  of  England,  and  that  is,  that  they  are  always  more  or  less  uncon- 
formable to  the  Oolitic  rocks  below.  A  surface  of  erosion  was  formed 
upon  the  Oolitic  rocks  before  the  deposition  of  the  Cretaceous  beds, 
thus  producing  irregularities  in  tlie  nature  and  thickness  of  the  latter, 
m  well  as  gaps  in  the  series.  According  to  Professor  Phillips,  erosion 
is  apparent  in  Oxfordshire  in  the  Oolitic  series  itself,  since  he  attributes 
the  absence  of  the  upper  part  of  the  Coralline  Oolite  there  to  its  erosion, 
1>(;fore  the  deposition  of  the  Kinmieridge  clay,  and  it  has  long  been 
known  that  from  Oxfordsliire,  towards  the  north-east,  the  Oolitic 
beds,  from  the  Oxford  clay  upwards,  are  successively  overlapped  by  tlie 
Lower  Cretaceous  beds.  The  occurrence  of  a  little  bank  of  Coral  rag 
noar  Up  ware,  between  Cambridge  and  Ely,  makes  the  former  continuity 
of  that  formation  probable. 

Wlicn  we  get  into  Yorkshire,  we  know  that  the  Chalk  itself  resta 
on  the  Lias,  owing  apparently  to  a  local  elevation  of  the  Oolitic  beds 


CBETACEOUS  PEBIOD.  621 

above  the  sea,  and  their  consequent  denudation  before  the  deposition  of 
any  of  the  Cretaceous  series,  as  shewn  in  Phillips's  section  to  his  paper 
on  the  Oolites  of  Yorkshire.— (§,  J,  OeoL  Soc.^  voL  xiv.) 

The  proof  of  elevation  and  denudation  having  taken  place  in  the 
Oolites  before  the  deposition  of  the  Cretaceous  series,  is  interesting  when 
taken  in  connection  with  the  fact  that  at  Harwich,  Kentish  Town,  and 
Calais,  deep  borings  put  down  in  search  of  water  have,  after  passing 
through  the  Cretaceous  series,  come  down,  not  into  Oolitic  rocks,  but 
into  others  apparently  of  Palsoozoic  age.  At  Harwich  they  found  a 
black  slate  at  a  depth  of  about  1025  feet,  just  below  the  base  of  the 
Gault  At  Kentish  Town  they  reached  the  base  of  the  Gault  at  1113 
feet,  and  then  passed  through  188  feet  of  red  rocks,  clays,  sandstone, 
and  conglomerates,  some  of  which  appeared  to  me  very  like  the  trap- 
pean  breccia  of  the  Permian  rocks  of  the  Midland  Counties. — (See 
papers  by  J.  Prestwich,  Q,  J.  OeoL  Soc.,  vols.  xiL  and  xiv.)  At  Calais, 
the  Chalk  was  pierced,  and  rocks  identified  as  true  Coal-measures  were 
reached  at  the  depth  of  1100  feet.  On  following  the  nearly  horizontal 
Chalk  into  the  north  of  France  and  Belgium,  the  Carboniferous  and 
other  Palaeozoic  rocks  in  a  highly  contorted  state  come  out  from  under- 
neath it,  having  suffered  vastly  from  the  denudation  which  produced 
the  surface  on  which  the  Cretaceous  rocks  were  deposited. 

Drawing  a  conclusion  from  these  facts,  Mr.  Godwin  Austen,  before 
the  boring  of  the  wells  at  London  and  Harwich,  suggested  the  probability 
of  a  ridge  of  Carboniferous  and  other  Palaeozoic  rocks  extending  at  no 
great  depth  from  the  Ardennes  and  the  Eifel  on  the  east,  to  the  neigh- 
bourhood of  Bristol,  Somerset,  and  Devon  on  the  west,  this  old  ridge 
being  overlaid  unconformably  by  the  Mesozoic  rocks — ^the  Triassic,  the 
Oolitic,  and  the  Cretaceous  deposits  successively  overlapping  each  other 
from  west  to  east,  as  the  old  Palaeozoic  land  became  successively  sub- 
merged in  that  direction. — {Austen  on  Possible  Extension  of  Coalrinea~ 
sures  beneath  south-east  of  England,     Q.  J.  Oeol.  JSoc,,  voL  xii.) 

It  is  not  improbable  that  the  anticlinal  of  the  Weald  and  Salisbury 
plain,  and  the  synclinal  of  the  Hampshire  basin,  with  its  sharp  uniclinal 
curve  running  through  the  Isles  of  Wight  and  Purbeck,  may  be  refer- 
able to  some  features  in  the  old  surface  below,  producing  an  effect 
u}>on  the  newer  rocks  above  them,  when  they  were  all  subsequently 
acted  on  by  disturbing  forces,  re-directed  perhaps  into  the  old  east 
and  west  lines  along  which  they  had  acted  at  the  close  of  the  Palaeozoic 
period. 

Ireland, — In  the  county  Antrim  and  its  borders.  Chalk  with  flinta 
occurs  with  a  maximum  thickness  of  about  200  feet  It  lies  horizon- 
tally near  the  top  of  the  hills,  just  west  of  Belfast,  and  spreads  in 
horizontal  sheets  over  the  whole  county,  but  is  generally  covered  by  an 
immense  capping  of  basaltic  rocks,  so  as  only  to  shew  itself  round  the 
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edge  of  the  basalt,  or  aa  outliers  on  the  top  of  some  of  the  adjacent 
hills.  (Sec  fig.  122.)  It  is  called  in  Ireland  White  Limestone,  as  the 
stoue  is  considerably  harder  and  firmer  than  the  friable  rock  which  is 
commonly  known  as  Chalk.  It  contains  an  abundance  of  fossils  of  the 
same  s]>ecies  as  those  found  in  the  Chalk  of  England,  but  also  others  in 
addition,  especially  a  nmubcr  of  univalye  shells. 

Mr.  Sharpc  in  the  publications  of  the  PalsBontographical  Sodety,  de- 
scribes four  species  of  Ammonites  as  peculiar  to  the  north  of  Ireland, 
and  one  as  conmion  to  it  and  the  north  of  France.  He  believes  it  to 
Ix;  contemporaneous  with  the  Upper  Chalk.  It  rests,  however,  con- 
formably on,  and  seems  to  ^mss  down  into  a  x)ale  sandy  stone,  mottled 
with  green  specks,  which  becomes  a  loose,  dark,  green  sand  below,  and 
is  knov^Ti  in  the  coimtry  by  the  name  of  Mulatto  stone.  This  is  never 
more  than  about  twenty  feet  thick.  It  is  full  of  Exogyra  and  other 
fossils  of  the  Upper  Qreensaud,  so  that  if  the  White  Limestone  above 
it  be  the  Upper  Chalk,  the  Lower  Chalk  must  be  absent 

The  Grecnsand  rests  directly  on  thirty  feet  of  black  shales  with 
Lias  fossils,  and  that  on  the  Red  Marls  of  the  Trias.  (See  section, 
fig.  122.) 

Swiuerland. — The  Cretaceous  series  as  now  described  spreads  over 
a  large  part  of  western  Europe. 

The  Wealden  beds  may  be  seen  at  Boulogne,  with  much  the  same 
characters  as  they  have  in  the  Isle  of  Wight  As,  however,  they  are  of 
fresh-wat^r  origin,  we  should  expect  to  meet  somewhere  with  their  con- 
ti'mix>raneous  marine  deposits.  M.  Thurman  formerly  described  beds 
in  the  neighbourhood  of  Neufchatel  in  Switzerland,  which  are  probably 
the  marine  equivalents  of  the  Wealden  beds.  They  have  since  been 
called  Neocomian,  from  the  Latinised  name  of  the  Swiss  town. 

M.  Marcou  (in  liis  Letters  sur  Us  Roches  de  Jurd)  gives  the  follow- 
ing tabular  account  of  these  beds,  and  of  what  he  believes  to  be  their 
English  equivalents  : — 


Sintsetiand, 

te  limestones 
5.  Limestones    with 


I'  6.  White  limestones. 


Upper 

Neocomian.  *) 

(  green  grains. 

Middle       i  4.  Marls  of  Hauterive. 

Neocomian.  (  3  Yellow  Limestone. 

2.  Limonite. 

1.  Blue  marls  unfossili- 

ferous. 


Lower 
Neocomian. 


England, 

I  Lower  Greensand  (the 
I      bottom  part  of  it). 


Weald  Clay  and  Hast- 
ings Sand. 


It   appears  that  the  blue  unfossiliferous  marls  No.  1,  are  now 
known  to  contain  a  few  small  fresh-water  and  terrestrial  spedea. 
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The  following  table  wiU  give  some  of  the  other  Continental  terms 
for  the  different  parts  of  the  British  series  : — 


Britibh. 


D'Obbioxt. 


Other  Authos& 


Wanting. 


Chalk  with  and 
without  flints. 


Chalk  Marl. 


Upper  Greensand. 


Gault. 


Speeton  Clay. 


Danien 


S^Qonien 


Feet. 
50. 


980. 


Taronien 


650. 


Cenomanien        1600. 


Albien 


Aptien 


150. 


650. 


Lower  Greensand 

and 

Wealden  beds. 


Neocomien 


8000. 


Craie  pisolitique. 
Maestricht  and  Faxoe  beds. 

Craie  blanche,  Kreide,  Sea- 
fl^,  Obere  and  Untere 
Kreide,  and  Planer  Kalk, 
Zone  de  Rudistes,  Cal- 
caire  &  Hippnrites. 

Craie  tufan*  on  chlorite. 


Glauoonie  crayense,  Qo- 
adersandstein,  Tonrtia, 
Oberer  Karpathensand- 
stein,  Syst^me  nenrien. 

Systdme   AachSnien,  argiles 
tegolines  (in  part). 

Argile  It  plicatoles,  Argiles 
Sgolines  (in  part.) 


Calcaire  &  spatangues,  Arsple 
08tr6ene,  Calcaire  h  Di- 
c6rate8,  Hils  conelomerat, 
and  Hilstbon,  Marne  de 
Hauterive,  Terrain  Jura- 
Cretac6e,  Biancone. 


M.  Alcide  D'Orbigny  says  that  the  Neocomien  beds  between 
Marseilles  and  CassiB,  and  between  Clujes  and  Beansset,  dip  at  23^  for 
a  distance  of  8  kilometres,  or  nearly  five  miles,  which  gives,  he  says,  a 
thickness  of  2600  metres  (8200  Eng.  feet). 

The  thickness  of  his  Aptien  beds  he  gets  at  Bedoule  in  the  Basses 
Alpes  ;  and  those  of  his  Cenomanien  and  Taronien  he  takes  from  the 
measurements  of  M.  Ed.  de  Vemeuil  (a  most  trustworthy  authority)  made 
in  the  provinces  of  Biscay  and  Santander  in  Spain. — (Caurs  Elemeiitaire 
de  Pal<jsontologiey  A.  D*Orbigny,  tom.  second.) 

North  America, — Sir  C.  Lyell  describes  in  his  Manual  sandy  and 
argillaceous  beds  as  existing  in  New  Jersey,  and  containing  fossils  of 
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the  same  ppccies  as  those  of  the  Clialk  of  Europe.  They  extend  through 
North  Carolina  and  Georgia  round  the  southern  termination  of  the 
Appahichian  chain  into  Alabama  and  Mississippi. 

In  Dr.  Hector^s  recently  published  paper  (Q.  J.  G.  S.,  voL  xviL),  a 
great  series  of  sandstones  and  clays  and  shales  is  described  as  occupying 
all  the  ci'utral  part  of  British  North  America  east  of  the  Rocky  Moun- 
tains. These  beds  are  full  of  fossils  belonging  to  the  genera  ExogyrOj 
Inoceramu9j  BacvliteSy  Scaphites,  and  other  Cretaceous  forms.  ITiey 
likewise  contain  fossil  plants  and  woo<l,  and  beds  of  good  coal,  some  of 
which  are  six  feet  thick,  and  are  said  by  Dr.  Percy,  who  examined 
specimens  in  his  laboratory,  to  look  very  like  coal  from  the  Goal- 
measures. — {Percys  Metallurffi/,  p.  89.) 

Messrs.  Meek  and  Hayden  have  described  the  extension  of  these 
beds  southwards  into  the  American  States. 

South  America. — Mr.  Darwin  describes  in  the  Andes  of  the  neigh- 
bourhood of  Coquimbo,  great  beds  of  brown  argillaceous  limestone^ 
porph3rTitic  conglomerates,  and  masses  of  red  sandstone  with  gypeeouB 
rocks,  not  less  than  6000  feet  thick,  as  containing  in  some  parts  foesils 
such  as  Hippurites  and  Baculites,  and  others  clearly  Cretaceous,  toge- 
ther with  Sj^irifera)  like  S]^.  Walcottii  and  other  fossils  more  like  Oolitic 
than  Cretaceous  species. — {South  Amtrica^  Darwin,  p.  21 2,  etc)  He  says 
in  his  summary,  ih,^  p.  238,  that  strata  characterised  by  Cretaceous  or 
Oolitico-cretaceous  fossils,  haAing  in  many  places  a  thiclmess  of  7000  or 
8000  feet,  may  be  traced  from  Columbia  north  of  the  Equator  to  Tierra 
del  Fuegt>.  They  consist  of  "  black  calcareous  shaly  rocks,  of  red  and 
white  siliceous  sandstones,  coarse  conglomerates,  limestones,  tuffs,  dark 
mudstones,  and  those  singular  fine-grained  rocks  which  I  have  called 
pseudo-honestones,  vast  beds  of  gypsmn  and  many  other  jaspery  and 
scarcely  describable  varieties,  which  vary  and  replace  each  other  in 
short  horizontal  distances  to  an  extent  I  believe  unequalled  even  in 
any  tertiary  basin."  "  In  Tierra  del  Fuego,  at  about  this  same  period, 
a  wide  district  of  clayslate  was  deposited,*  which,  in  its  nunendogical 
characters  and  external  features,  might  be  compared  to  the  Silurian 
regions  of  North  Wales." — (/ft.,  p.  239.) 

India. — Deposits  at  Pondicherry,  Verdachellum,  and  Trichonopoly, 
examined  by  C.  J.  Kayc  and  the  Rev.  W.  H.  Egerton,  were  shewn  by 
Professor  E.  Forbes's  examination  of  the  fossils  to  belong  to  the  Creta- 
ceous Period,  the  Pondicherrj'  beds  to  the  lower  part  of  it,  and  those  of 
Trichonopoly  and  Verdachelhmi  probably  to  the  Gault  and  Upper 
Greensand. — {Q.  J.  Geol.  SoCy  vol.  L,  p.  79.) 

*  Mr.  Darwin,  of  coane,  means  that  clay  was  deposited  which  was  afterwardi  metamor- 
phosed into  slate. 
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Life  of  thb  Period. 

If,  as  before,  we  fix  our  attention  chiefly  on  the  facts  to  be  ob- 
served within  the  British  area,  we  shall  find  no  lack  of  interesting 
subjects  for  thought  in  contemplating  the  progress  of  life  during  this 
period. 

The  old  dirt  beds  and  fossil  forests  of  the  Purbeck  rocks  shew  to 
us  the  actual  surfaces  of  the  land  which  existed  in  parts  of  this  area  at 
the  close  of  the  Oolitic  Period.  The  fresh-water  deposits  with  which 
these  are  associated,  and  the  thick  but  irregular  and  partially  deposited 
Wealden  beds,  disclose  to  us  the  existence  of  a  large  tract  of  land  on 
which  alone  fr^sh  water  could  have  been  gathered  to  form  a  delta  200 
miles  across.  It  is  possible  that  several  rivers  may  have  united  to  form 
this  delta,  as  is  the  case  now  in  New  Guinea,  where  an  island,  the  main 
mass  of  which  is  not  more  than  600  miles  across,  has  yet  a  part  of  its 
coast,  120  miles  long,  occupied  by  a  continuous  delta  extending  for 
an  unknown  distance  into  the  interior,  traversed  by  numerous  channels 
of  fresh  water,  with  a  large  shallow  flat  spreading  30  or  40  miles  out 
to  sea  all  along  it. — (See  Voyage  of  H,  M,  S.  Fly) 

The  tenants  of  this  land  were  some  Marsupial  and  other  Manmials, 
none  of  which  were  of  large  size,  so  far  as  we  can  judge  from  those  re- 
mains of  them  that  have  come  down  to  us.  Iliere  were  also  huge 
reptiles,  some  carnivorous,  like  the  Megalosaurus,  others  herbivorous,  as 
the  HylsBosaurus  and  Iguanodon.  Other  more  crocodilian  reptiles 
flourished  in  the  seas  or  fresh  waters  of  the  Wealden  times. 

Fresh-water  shells  and  drift  wood  are  found  in  these  deposits,  as 
might  be  expected  from  their  origin. 

The  land  must  have  endured  for  many  ages  to  form  local  deposits, 
which  may  be  likened  in  thickness  and  extent  to  the  deltas  of  the 
Ganges  or  the  Nile  ;  but  there  came  at  length  a  time  when  it  sank  again 
beneath  the  sea,  and  these  fresh-water  deposits  were  finally  buried 
under  a  thickness  of  some  2000  feet  of  marine  accumulations. 

In  these  seas  lived  and  flourished  the  usual  abundance  of  life. 

Of  minute  Foraminiferse  there  is  an  enormous  abundance  in 
the  Chalk,  parts  of  which  seem  to  be  almost  entirely  composed  of 
the  shells  of  Rotalia,  Spirulina,  and  Textularia. — {Oree^i^B  Manual  of 
Protozoa.) 

Sponges  are  abundant  in  all  the  Upper  Cretaceous  beds,  except  the 
Gault,  and  Actinozoa  and  Polyzoa  in  alL 

It  is  remarkable  that  among  the  Corals  the  whole  order  Rugosa 
disappears  at  the  close  of  the  Palaeozoic  epoch,  and  would  have  been 
supposed  to  be  entirely  extinct  then,  if  it  were  not  for  the  appearance 
of  one  little  species  belonging  to  it  in  the  Lower  Gi-eensand,  namely , 
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the  IIolocvBtis  elegnns.  The  Cretaceous  Corals  belong  chiefly  to  the 
Aporosa  aiid  Perforata ;  the  family  of  the  Madreporidocn  ow  first  making 
its  aj>pearance,  and  probably  also  those  of  the  PennatulidsB  and  Cror- 
gonida). — {Greenes  Culen tera ta.) 

Brachiopods  are  numerous  in  some  beds,  but  their  relative  import- 
ance has  now  much  decreased. 

Conchifera  are  esjHicially  abundant  in  the  Lower  Qreensand,  and  are 
not  by  any  means  rai-e  in  any  member  of  the  series.  The  peculiar  genus 
InocenuuiLS,  closely  allied  to  the  existing  genus  Pema,  is  veiy  abun- 
dant in  the  Ux)]>cr  Cretaceous  series,  and  the  still  more  strange  Damily 
of  the  Iludistio,  containing  the  genera  Hippuiites,  Radiolites,  Caprotina, 
and  Caprina,  which,  in  the  south  of  Europe  and  other  parts  of  the 
world,  are  characteristic  of  that  division.  In  these  shells  one  valve  is 
always  larger  than  the  other,  and  in  some  is  so  rough  and  coarse  as  to 
have  been  taken  for  a  Coral,  while  the  other  valve  is  small  and  flat, 
and  looks  like  a  lim])et  sticking  on  the  lai^ger  one.  The  whole  family 
is  confined  to  the  Upper  Cretaceous  group. — (See  WoodtcarcTs  Jfanual 
of  the  Mollusca)  It  is  singidar  that  in  Britain  the  bivalve  shells  be- 
longing to  the  so-called  Dimyarian  sub-division  are  much  rarer  than  the 
Monomvarian  Conohifors. 

Gasteropods  are  pretty  equally  distributed  throughout  all  the 
sub-divisions  of  the  Cretaceous  period  in  Britain,  except  in  the  upper 
part  of  the  Chalk.  In  the  Irish  Chalk,  however,  tliey  seem  to  be 
numerous. 

Tlie  Cephalopoda  of  the  Cretaceous  Period  are  veiy  remarkable,  and 
as  after  the  close  of  this  i>eriod  they  cease  to  play  the  important  part 
which  they  did  during  the  latter  part  of  the  Paheozoic,  and  through  all 
the  Mesozoic  epoch,  we  may  take  this  opportunity  of  casting  a  glance 
over  their  history. 

The  Ce])halopods  are  divided  into  two  orders,  Dibianchiata  and 
Tetrabranchiata.  To  the  former  belong  the  Cuttlefish  or  Sepia,  the 
Squids  or  Calamaries,  and  the  Argonauts  of  the  present  day,  and 
many  extinct  genera,  among  which  the  Belemnites  are  most  con- 
spicuous. Of  the  Tetrabranchiata  the  only  living  representative  is 
the  Nautilus  pompilius,  but  the  extinct  species  and  genera  are  veiy 
numerous.  All  their  shells  are  divided  into  many  chambers,  and  they 
may  be  classed  into  two  scries,  according  to  the  form  of  the  septa  or 
divisions  between  those  chambers,  and  the  position  of  the  siphuncle 
or  tiibe  which  traverses  them.  These  two  series  are  the  Nautilid» 
and  the  Ammonitido}. 

In  the  NautilidoB  the  septa  ore  simple,  like  plain  saucers  in  form, 
and  the  siphuncle  is  internal,  and  generally  at  or  near  the  centre  of  the 
shelL  In  the  Ammonitidse  the  septa  are  notched,  or  dentated^  or  cor- 
rugated and  foliated,  like  saucers  with  waved  or  frilled  mai^gins,  and 
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the  sipliuncle  is  at  the  dorsal  edge  of  the  shell,  sometiines  forming  a 
prominent  ridge  along  it 

In  the  Nautilidffi,  when  the  conical  chambered  shell  is  straight  it 
is  called  Orthoceras  ;  when  it  is  closely  coiled,  so  that  the  whorls  touch, 
it  is  a  Nautilus.  If  the  whorls  of  the  largest  part  of  the  shell  do  not 
touch,  it  is  a  Lituite.  There  are  also  some  other  rarer  modifications. 
The  Lituites  appeared  in  the  Lower  Silurian  Period,  and  became  extinct 
at  the  close  of  the  Upper  Silurian  Period.  The  Orthoceras  appeared  in 
the  Lower  Silurian  Period ;  underwent  during  the  Upper  Silurian  Period 
several  strange  modifications  of  external  form,  by  bulging  of  the  sides, 
and  contraction  of  the  mouth  (Gbmphoceras,  etc.) ;  became  of  such  large 
size  during  the  Carboniferous  Period  as  to  have  shells  as  big  as  a  man's 
leg,  and  then  died  out  with  the  close  of  the  Palaeozoic  epoch. 

The  simple  and  elegantly  formed  Nautilus  was  in  existence  before 
the  Carboniferous  Period,  had  several  species  during  that  time,  and 
has  been  represented  by  one  or  two  species,  differing  in  no  more 
essential  character  than  in  external  form,  in  every  subsequent  period 
down  to  our  own  day. 

The  Ammonitidae  appear  to  have  commenced  with  the  intermediate 
genus  C*lymenia,  which  diverged  from  the  NautilidoB  in  having  its 
septa  greatly  waved  and  notched,  and  its  siphuncle  on  the  internal 
margin  of  the  shelL  These  shells  appeared  at  or  a  little  before  the 
Carboniferous  Period,  during  which  the  Goniatite,  which  had  its  septa 
bent  at  the  edges  into  sharp  dog-toothed  indentations,  became  very 
abundant.  These  became  extinct  with  the  close  of  the  Paheozoic 
epoch.* 

In  the  Mesozoic  epoch  we  first  of  all  find  in  the  Muschelkalk  the 
genus  Ceratites,  in  which  the  edges  of  the  septa  are  waved  into  round 
undulations,  the  backward  curves  being  sharply  notched  with  several 
small  crenulations.  The  Ceratite  thus  leads  us  from  the  Goniatite 
to  the  Ammonite,t  in  which  the  edges  of  the  septa  are  not  merely 
waved  and  corrugated,  but  are  often  in  addition  so  minutely  crimped 
or  zig-zagged  as  to  resemble  the  edge  of  a  parsley  leaf,  while  the  shell 
varies  indefinitely  in  external  size,  form,  and  ornamentation,  so  that 
not  less  than  600  species  have  been  described.  Palaeontologists  have 
di\dded  these  numerous  species  into  20  groups,  as  in  the  following 
table : — 


*  The  extinction  of  the  Orthoceras  and  Goniatite  at  this  time  is  tme  for  the  British  area. 
In  the  Hallstadt  and  St.  Cassian  beds  it  will  be  recollected  that  they  are  foond  with  fossils 
of  a  later  date. 

t  The  Ammonites  appear  to  have  had  double  opercnla,  small  triangular  bodies  having 
been  found  associated  with  them,  sometimes  in  pairs,  which  are  8upi>osed  to  be  those 
appendages.  They  have  been  called  Trigonellitoa  and  Aptychus.— <See  ManteWt  MtdaU, 
chapter  xiL) 


1^    rir.Ml.i-i," 

iir^.Z 

12.  AnguiioMtali. 

A.  ^m^^iZ. 

13.  Capricorai. 

A.  pUiiioonU. 

A.  Onettardi«ndlie 

14.  HeUrophjIli. 

Ifi.  Lig^. 

phjUaa. 
A.  Hsyarianiu. 
A.  biplei. 

1$.  HuDUti. 

17.  Coronmi. 

A.  Homphresiftniia. 

19.  Globori. 

A.  globo,. 

A.  ■abfimbiittos. 

L)  the  CretaceoUK  period  the  An 
size,  shape,  and  ornamentatiun  of  the 
(dtion  of  the  volutions  tliemselves.  I 
of  the  ehell  no  longer  touch  each  oth. 
in  the  Lituite  among  the  Nautilidic. 
irhen  joung  was  like  an  Aniiiionite,  I: 
the  shell  was  projected  straight  out,  nn 
BO  OS  somewhat  to  leaemble  a  boat  in  f 
Ancjloceras,*  the  general  form  ia  that 
b  Open  like  Crioceras.  In  Anisoceraa 
except  that  the  young  part  rises  from 
open  spiral  form.  In  Heteroceras  thif 
close,  the  whorla  of  the  shell  tr.'--^'—- 
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walking  stick,  -bo  that  the  Baculite  is  to  the  Ammonitidfla  what  the 
Orthoceras  is  to  the  Nautilidse. — (See  MantelVs  Medals^  chapter  xiL) 

It  is  curious  that  all  these  strange  modifications  in  the  involution 
of  these  complex  shells  should  appear  just  before  the  whole  family 
became  utterly  extinct  and  left  no  farther  representatives  in  the  world  ; 
while  the  plain  and  simple  Nautilus,  commencing  in  earlier  times,  has 
never  yet  died  out,  but  has  never  had  the  multitude  of  species  into 
which  the  Ammonite  has  varied. 

Among  the  Echinodermata  it  appears  that  the  Crinoidea  or  Sea 
lilies  were  scarcely  more  abundant  in  the  Cretaceous  Period  than  they 
are  now — ^the  Maiisupite,  a  floating  form,  being  of  the  most  frequent  oc- 
currence. The  Echinidea,  or  Sea  Urchins,  however,  were  wonderfully 
numerous  during  the  latter  part  of  the  period,  the  true  Chalk  con- 
taining numerous  genera,  many  of  them  having  many  species,  and  some 
of  these  being  abundant  in  individuals.  Some  of  the  genera  existed 
during  the  Oolitic  Period,  having  different  species  in  different  parts  of 
it,  and  other  species  during  the  Cretaceous  time.  Other  genera,  how- 
ever, have  only  been  found  in  the  Cretaceous  rocks,  while  a  few  have 
been  represented  by  different  species  in  later  times  ;  one  or  two  genera 
being  continued  by  successive  specific  forms  down  to  our  own  day. 

Among  the  Annelida  a  few  Serpula  have  been  preserved. 

Of  the  Crustacea  we  find  some  pedunculated  Barnacles  (see  MantelVs 
MedalSy  fig.  167),  many  Cypridea,  and  a  few  of  the  Podophthalmia, 
the  order  to  which  our  own  crabs  and  lobsters  belong. 

Of  the  Insects,  a  few  remains  have  been  found  in  the  Wealden 
beds,  but  none  in  any  other  part  of  the  Cretaceous  series,  though,  as 
Mr.  Brodie  has  shewn  them  to  have  been  so  abundant  in  even  the  ear- 
liest part  of  the  Oolitic  Period,  we  cannot  attribute  the  absence  of  their 
remains  in  the  Cretaceous  rocks  to  anything  else  than  the  want  of  the 
requisite  conditions  for  their  proper  preservation. 

When  we  come  to  the  Vertebrata,  we  find  in  parts  of  the  true 
Chalk  abundant  remains  of  Fishes,  most  of  which  more  nearly  resemble 
the  Fish  of  the  present  day  than  do  the  Fish  found  in  earlier  forma- 
tions. The  whole  order  Teleostei,  indeed,  which  includes  the  Cod,  the 
Salmon,  the  Perch,  and  all  the  most  ordinary  existing  fish,  came  first 
into  existence  during  the  Cretaceous  Period.  Remains  of  other  orders 
of  fish,  however,  especially  teeth  of  Squalid®  or  Sharks,  are  by  no 
means  wanting  in  Cretaceous  rocka — (See  MantelVs  Medals^  fig.  1 93.) 

Reptiles  certainly  abounded  during  the  Cretaceous  Period.  The 
great  land  carnivorous  reptile  (Megalosaurus)  survived  from  the  period 
of  the  Bath  Oolites,  and  inhabited  the  land  the  washing  of  which 
formed  the  Wealden  beds.  It  was  contemporaneous,  then,  with  the 
equally  large  but  herbivorous  Hyla^saurus  and  Iguanodon,  the  three 
genera  making  the  natural  order  of  the  Deniosauria,  according  to  Owen. 
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Besides  these,  there  were  many  other  BeptileBy  both  Sautian  and 
Chelonian,  during  the  Wealden  Period,  and  the  maiine  IchthjoflaiiTixs 
and  Plesiosaurus  were  represented  even  in  the  times  when  the  Chalk 
itself  was  in  course  of  deposition,  though  no  species  ainnilftr  to  tiiem 
lived  at  a  later  }>eriod.  The  Mososaurus  was  more  like  a  lizaid  than 
those  already  named,  though  still  marine,  and  so  laige  as  to  have  a 
cranium  five  feet  in  length.  The  forms  seem  to  have  been  peculiar  to 
the  latter  part  of  the  Cretaceous  Period.  The  Pterodactyles,  or  winged 
reptiles,  seem  during  the  middle  part  of  the  Cretaceous  period  to  have 
attained  their  maximum  in  size,  as  well  as  perhaps  in  number,  since 
those  of  the  Lias  and  Oolites  were  not  much  laiger  than  ravens  or 
cormorants,  while  those  from  the  Upper  Greensand  of  Cambridge  had 
neck  vertebnc  two  inches  long,  and  a  probable  expanse  of  wings  equal 
to  twenty  feet. — {Owen's  Palcsontologyy  p.  247.) 

Since  Birds  certainly  existed  during  earlier  periods  than  the  Creta- 
ceous, as  is  shewn  by  the  tracks  described  by  Hitchcock  in  North 
America,  they  can  hardly  have  been  non-existent  during  any  subse- 
quent time.  The  remains  of  one  bird  indeed  have  been  actually  pro- 
cured by  Mr.  Barrett  from  the  Cambridge  Greensand,  and  indicate, 
according  to  Professor  Owen,  a  bird  about  the  size  of  a  woodcock. 

Mammals  in  like  manner  must  have  existed  ever  since  the  period  of 
the  Stonesfield  slate,  but  no  Mammalian  remains  have  been  found 
in  any  deposits  belonging  to  the  Mesozoic  epoch  above  the  Purbeck  beds, 
not  even  in  the  Wealden  beds,  so  abounding  in  terrestrial  fragments. 

The  following  is  an  approximately  accurate  summary  of  the  genera 
which,  so  far  as  we  know,  first  came  into  existence  during  the  Cretace- 
ous Period  ;  those  marked  by  an  asterisk  not  having  endured  beyond 
its  close : — 


Plants,  *  Abietites.  *  Clathraria,  Dracaana. 


Plants,  *  Abietites.  *  Clathraria,  Dracaana. 

Foraminifera,  Gaudryina,  Globigerina,  Guttulina,  Lingulina,  Lituola, 
Orbitolina,  Orbitolites  1  *  Planulina,  *  Pyrulina,  Quinqueloculina, 
"Hosalina,  Truncatulina,  Vemeuilina. 

Jrfcp,  *  AchiJleum,  *  Brachiolites,  *  Cephalites,  Chenedopora, 
Choanites,  *  Cajloptychiimi,  *Guettardia,  Hippalimus,  *Jerea, 
Paramoudra,  *  Plocosc^-phia,  *  Polyjwthecia,  *  Siphonia,  Udotea, 

*  Ventriculites. 

Actiiwzoa,  *  Acanthoctenia,  *Actinacis,  ^Anabacia,  *  Aspidiscus, 
♦Barj'helia,  Barysmilia,  Bathycyathus,  *  Brachycyathus,  Brachy- 
phyllia,  Caryophyllia,  Centrocsenia,  Cladocora,  Corallium,  ♦  Cyclo- 
cyathus,    Cyclolithus,    Cycloseris,    Cyphastreea,    ♦  Dactylosmilia, 

*  Dimorphastraea,  Diploctenium,  Diploria,  *  Elasmoca^nia,  *  Gkna- 
bacia,  Gtoniastnea,  *  Heteroccenia,  *Holoc»nia,  *Holocy8tis, 
Hydnophora,  *  Hymenophyllia,  Isis,  *  Konindda,  *  Leptophyllia, 
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jjujfLxivkf         xomnmiin*!      x^avuiuuxuy  ^vuiMKHKuuky         jr  c|uuaiixxuay 

Phjllocscnia,  *  PlacooBnia,  *  Placosmilia,  *Pleurocora,  *Polytre- 
macLs,  Rhizangio,  *  Smilotrochus,  *  Stellornisa,  Stephanophyllia, 
Stylocsenia,  *  Stylocyathus,  *  Synhelia. 
Polf/soay   *Actmopora,   *Atagma,    *Ceriocava,  *Clypeiua,  *De8me- 
opora,  *  Domopora,  *  Entalophora,  Eschara,  Fluatra,  *  Holostoma, 

*  Homoeosoleni  Lunolites,  *  Multicrescis,  *  Probosciua,  *  Radi- 
opora,  *Reptocea.  *  Reptomulticava,  *  Reptotubigera,  *Siphon- 
iotyphlua,  *Zonopora. 

Drachio2>oda,  Argiope,  *  Magas,  Terebratulina,  •Terebrirostra,  *Trigo- 

nosemus. 
Conchiferaj  Amphidesma,  *  Caprina,  *  CaprincUa,  *  Caprotina,  Ckama, 

Crassatella,  Cryptodon,  *  Diceras  (Requienia),  Gastrocliaena,  *  Hip- 

purites,  Nesera  ?    Pachymya,  Petricola,   *  Radiolites,   Solecurtus, 

Six)ndylu8,  Tellina/  Teredo,*  Thetis,  Venus.* 
Gasteropoda,  Aporrhais,  *  Avellana,  Cassidaria  ?  Dolium  ?  *  Hipponyx, 

Nassa,  Phorus,  Pyrula,  Rostellaria,  Scalariai  Tylostoma^  Voluta. 
IleUropoda^  *  Bcllerophina. 
Cephaloj>oday     *  Bacnlites,     *  Belemnitella,     *  Crioceras,     *  Hamites, 

*  Helicoceras,  *  Ptychoceras,  *Scaphite8,  *  Turrilites.' 
Echinodermatay  *  Ananchytes,  *  Artkraster,   Bouigiieticriiius,  *Cardi- 

aster,     *  Caratomns,     *  Catopygus,     *  Cyphosoma,     *  Discoidea, 

*  Gtderites.    Qoniaster    (sub-geiL     Astrogouium,     *  Gk)niodi8cuB, 

*  Stellaster),  Hemiaster,  *  Hemipneustes  (or  Toxaster),  *  Maisup- 
ites,  *  Micraster,  *  Oreaster,  *  I^rina,  *  Salenia. 

Cirripediay  Loriculay  Sealpellum,  Verruca. 

Crustacea,     Cythereis,      Cytherella,      Cythereidea,      *  Enoploclyttia, 
Grapsus  ?    Meaostylus,    *  Meyeria,    *  Notopocorystes,    Palinunis, 

PlfttVTvWliA- 


Platypodia. 

Fisliy  *  Acrognathus,  *  Acrotemnus,  *Aulodu8,  *Aulolepi8,  *Bery- 
copsis,  *  Beryx,  *  Calamopleurus,  Cestracion,  *  Cladocyclus, 
Ccelorhynchus,    *Corax,    *Decreti8,     Edaphodon,    *Enchodu8, 

*  Homonotus,  Hypsodon,  Lamna,  *  Lophiostomus,  *  Macropoma, 
Notidanus,    Oithagoriscus,     *  Osmeroidea,    Ototlus,    *  Oxyrhina, 

*  Pachyrizodus,  *  Phacodus,  *  Pletbodus,  *Pomognathu8,  *  Piiono- 
lepis,    *Rychodu8,    *  Saurocephalus,    *Saurodon,    ♦Scylliodus, 

*  Stenostoma,  Tetrapterus,  *  Tomognatlius. 
UeSy  *  Coniosaums,  *  Dolichosaurus,  *  Hylceosaurus,  *  Iguanodon, 

*Leiodon,  ^Mosasaurus,  Platemys,  *  Poxjilopleuron, 
saurus,  *  Polyptychodon,  *Protcmy8,  *  Raphiosaunis, 
saurus,  *  S^jchosaurus. 

1  Unless  the  shells  so  called  In  older  rocks  be  rightly  Darned. 
>  Unless  one  reported  firom  tho  Lias  he  truly  named. 
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At  the  close  of  the  Cretaceous  period,  the  following  generic  fonns, 
dating  their  origin  from  still  earlier  times,  became  finally  extinct : — 

Flantii,  Al«.4hoi»teri.s,  C  ;  Chondrites,*  S  ;  Confervites,  P  ;  Cycodeoidea, 

O  ;  Endogenites,  C  ;  Louchopteris,  O  ;  Sphenopterie,  0  ;  Thuytes, 

O  ;  2^imiostrol)us,  O. 
Sj>onfj}d(v,  Cnemidium,  S  ;  Co8cinoix)ra,  D  ;  Monon,  0  ;  Scyphia,  D ; 

Veiliclitcs,  S  ? 
Foramiiiifrra,  Bnluniua,  O  ;  Flabellina,  0  ;  Frondicularia,  0  ;  Sagrioia, 

0  ;  Vugiiuilina,  O. 
Actinozoity     Adelastroea,    O  ;    Calamophyllia,    O  ;    Cladophyllia,   T ; 

Cyathopora,  O  ;  Enallohaelia,  0  ;  Haplophyllia,  O  ;  Isastnea,  T ; 

Pachygvi-a,  O  ;  Pleurocajiiia,  0  ;  Rhabdophyllia,  T  ;  Rhipidogyra, 

O  ;  Stylina,  0  ;  Stylosmilia,  0. 
Polyzoaj  Alecto,  O  ;  Cerioi)ora,  S  ;  Pustulopora,  C  ;  Vinciilaria,  C. 
Brack  io2)oi1a,  Tliere  are  no  generic  forms  found  fossil  in  the  Chalk  that 

have  not  some  sjMicies  living  even  at  the  present  day,  except 

tliose  marked  with  an  ast4.'risk  in  the  preceding  list,  and  these  are 

in  reality  8ul>genera, 
Rudistts,  The  whole  family  is  confined  to  the  Cretaceous  period,  none 

being  known  of  either  earlier  or  later  date. 
Conc/i(fera,  Exogym,  0  ;  Genillia,  C  ?  or  0  ;  Grj^pliaa,  0  ;  Inoceramns, 

C  ?  or  O  ;  Myaciti-s,  S  ;  Opis,  T  ;  Sphj)era,'^T. 
Gasteropoda,  Neriiiaca,  O  ;  Pleiirotomaria,  S. 
Pttropoday  No  extinct  genus  8ur\'ived  into  the  Cretaceous  period. 
CifphaJopodoy  Ammonites,  T  ;  Ancyloccras,  0  ;   Belemnites,  T  ;   Turril- 

ites,t  L  / 
£\'/tinodtrmata,    C'ollyrites,   0  ;    Echinobrissus,   O  ;    Holectypus,   O  ; 

Pygaster,  0  ;  Pygiirus,  0  ;  Rha1>docidaris,  0. 
FM,  Acrodiis,  T  ;  iEchnuHlus,  O  ;  Ast^iracanthus,  O  ;  Belonoetomns,  O  ; 

Caturus,  0  ;    Hybodus,  T  ;   Ischyodus,  0  ;   Lepidotus,  0  ;    Micro- 
don,  U  O  ;  Sphenonchiis,  0  ;  Strophodus,  0. 
lieptihs,  Cetiosaurus,  O  ;  Gonioi>holis,  U  0  ;  Ichthyosaurus,  O  ;   M^a- 

losaurus,  0  ;  Plesiosaurus,  0  ;  Rerodactylus,  0  ;  Streptospondylus, 

0  ;  Tretostenion,  0. 

*  Thcsp  plantH  do  not  ninj^o  liighor  than  the  Wcalden  and  Lower  Greenaand ;  this  siid 
the  three  following  are  not  guuera  iu  the  ordinary  sense  of  the  tcrrn,  but  merely  proTialQiial 
groui>u. 

t  Pn^vided  the  Turrilitcs  Valdani  for  the  Llaa  be  rightly  determined. 


THE  TERTIAEY  OE  CAINOZOIC  EPOCH. 


CHAPTER     XXXV. 


EOCENE  PEBIOD. 


Prelimvnary  Observatwjis. — ^The  nomenclature  of  the  Tertiary  periods 
proposed  by  Sir  C.  Lyell,  and  now  all  but  universally  adopted,  is  more 
systematic  than  that  of  the  Primary  or  Secondary  periods.  It  is  based 
on  the  gradiial  increase  of  recent  {i^^  existing)  species  in  the  newer 
rocks.  The  earliest  of  the  periods  is  termed  Eocene,  from  the  Greek 
words  eos  and  kainos  or  cocnos,  signifying  the  dawn  of  the  recent ;  the 
second,  Meiocene,  from  meion,  the  minority  ;  the  third,  Pleiocene,  from 
pleion,  the  plurality  of  recent  species  ;  and  the  next,  Pleistocene,  which 
expresses  the  recentness  of  most  of  tlie  species. 

To  these  we  may  add  the  present  period  itself,  which  we  may 
perhaps  conveniently  designate  as  the  Recent  or  the  Human  Period, 
though  it  is  now  difficult  to  draw  any  line  of  separation  between  the 
Pleistocene  and  the  Recent  Period. 

The  adoption  of  this  principle  of  classification  was  rendered  more 
necessary  in  the  case  of  the  Tertiary  than  the  preceding  epochs,  from 
the  nature  of  the  physical  conditions  of  Western  Europe,  on  the  struc- 
ture of  which  our  classification  is  chiefly  based. 

In  the  Primaiy  and  Secondary  epochs,  the  part  now  occupied  by 
Western  Europe  seems  to  have  genendly  contained  more  sea  than  land, 
and  the  rocks  deposited  are  accordingly  so  widely  spread  as  frequently 
to  rest  one  upon  the  other.  We  can  therefore  often  determine  their 
ordei'  of  superposition  by  their  geognoetic  relations  only,  that  is,  by 
actually  tracing  each  group  of  beds  till  we  find  it  plunging  under  the 
superior  group  on  the  one  side,  or  till  the  inferior  group  rises  up  to  the 
surface  from  underneath  it  on  the  other.  When,  however,  we  come  to 
examine  the  Tertiary  rocks  of  the  same  area,  we  find  that,  either  from 
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having  been  deposited  in  separate  seas,  or  from  subsequent  denudation, 
or  both  combined,  they  now  form  detached  patches,  each  patch  ending 
befoi-e  it  conies  in  contact  \nth  the  rest,  so  that  their  order  of  superpo- 
sition can  rarely  1)e  detennine^l  by  simple  inspection.     To  take  a  con- 
spicuous) instance  at  once — Tlie  Clialk  of  the  south-east  of 'England  is 
continuous  ^vitli  that  of  France*  and  Belgium,  and  no  mistake  could 
possibly  bo  made  as  to  the  relative  position  of  the  beds  above  and  below 
it.     The  Oolites  Ixilow  the  Chalk  are  even  still  more  extensive,  and  can 
be  traced  both  geognostically  and  paheontologically.     The  Tertiary  beds 
above  the  Clialk,  however,  form  isolated  districts  in  the  hollows  of  Ae " 
Chalk,  one  being  called  the  Haini)shire  basin,  another  the  London,  and 
a  third  the  Paris  basin  ;  and  if  we  wish  to  determine  whether  the  beds 
of  these  three  districts  are  of  the  same  age,  or  one  older  than  another, 
it  is  obvious  that  we  can  no  longer  employ  the  positive  evidence  of  an 
inspection  of  their  supeqx>sitioiL    We  must  then  have  recourse  either  to 
the  }>etrological  eWdence  of  their  being  made  exactly  of  the  same  kinds 
of  rock  occurring  in  the  same  onler,  or  to  the  palceontological  evidence 
of  their  containing  the  same  assemblages  of  fossils  occurring  in  the  same 
order  ;  but  if  neither  rocks  nor  fossils  were  precisely  the  same,  then  we 
must  fall  back  on  tlie  general  rule  or  principle  just  spoken  of,  and  see 
which  contained  an  assemblage  of  fossils  having  the  greatest  approxi- 
mation to  living  forms,  and  this  in  the  case  of  Tertiary  rocks  is  most 
easily  detennined  by  the  relative  percentage  of  actually  existing  species. 


The  British  Eocene  Beds. 

In  the  description  of  the  range  of  the  Chalk  across  England,  it  was 
l>ointed  out  that  a  nearly  continuous  escarpment  extended  from  the  Wolds 
of  Yorkshire  into  Dorsetshire,  and  that  the  dip  of  the  beds  was  from  the 
escaq)m(mt  towanls  the  east,  ac  a  gentle  angle.  It  follows  that,  as  the 
top  of  the  Chalk  declines  towards  the  east,  and  sinks  beneath  the  level 
of  the  ground,  it  must  become  covered  by  some  other  formations. 

In  Yorkshire,  Lincolnshire,  and  Norfolk,  the  escarpment  of  the 
Chalk  runs  almost  ])arallel  to  the  sea-coast ;  and  in  consequence  of  that, 
and  its  gentle  dip,  the  fonimtion  has  no  room  to  ac(][uire  any  depth  be- 
fore reaching  the  sea.  From  Suffolk,  however,  it  strikes  directly  southr 
west,  tlirough  the  heart  of  the  country  to  Dorset,  while  its  general  dip 
is  towards  the  south-east.  It  becomes  covered  towards  the  south-east, 
therefore,  by  a  very  considerable  thickness  of  beds  of  more  recent  for- 
mation, most  of  which  belong  to  the  Eocene  Period. 

There  can  be  little  doubt  that  some  of  the  lowest  of  these  Eocene 

*  That  the  shiillow  furrow  of  the  Stralta  of  Dover  has  been  worn  down  a  little  way 
below  the  level  of  the  sea  into  the  body  of  the  Chalk  does  not  of  oonrse  afltet  this  aaaeitlan. 
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beds,  if  not  the  whole  of  them,  once  stretched  horizontally  across  the 
whole  south-east  comer  of  England,  from  the  coast  of  Suffolk  to  that  of 
Dorsetshire.  Since  that  time,  however,  the  rocks  below  have  been 
abruptly  elevated  along  the  two  east  and  west  lines,  or  axes,  mentioned 
before,  the  one  running  from  Salisbury  Plain  through  the  Weald  of 
Kent,  and  the  other  along  the  south  coast  of  Dorset  and  the  southern 
port  of  the  Isle  of  Wight. 

The  denudation  consequent  on  the  lifting  of  the  rocks  along  these 
two  bands  has  removed  not  only  the  Eocene  beds,  but  in  some  parts  the 
whole  of  the  upper  and  a  good  part  of  the  lower  Cretaceous  series. 
Where,  however,  the  elevation  was  not  so  great,  the  Cretaceous  rocks 
have  been  spared,  as  for  instance  on  Salisbury  Plain  and  the  Chalk  be- 
tween it  and  the  Weald  ;  and  here,  in  the  country  north-east  and 
soutli-east  of  Alresford,  little  outlying  patches  of  the  Eocene  beds  have 
also  been  left  unremoved  on  the  top  of  the  Chalk.  (See  Map  Sheets  1 1 
and  1 2  of  the  Geological  Survey,  or  Professor  Ramsay's  Map  of  England 
and  Wales). 

It  is,  tiicn,  in  consequence  of  this  subsequent  elevation  and  denu- 
dation that  the  Tertiary  beds,  which  repose  in  a  hollow  of  the  Chalk 
around  London,  are  separated  from  those  lying  in  the  hollow  of  the 
Clialk  around  Southampton. 

The  Chalk  beds  of  the  North  Downs,  running  from  Deal  and 
Dover  to  Guildford  and  Basingstoke,  dip  to  the  north  and  plunge  under 
the  valley  of  the  Thames,  to  a  depth  of  many  hundred  feet,  from  which 
they  rise  very  slowly  and  gradually  out  towards  the  north-west  Any 
one  travelling,  even  by  railway,  from  London  southwards  to  Reigate,  on 
the  one  hand,  or  in  a  north-westerly  direction,  to  Tring,  upon  the  other, 
will  see  the  difference  between  the  bold  rise  of  the  Chalk  from  beneath 
the  London  basin  on  the  south,  and  its  slow  and  gradual  elevation  on 
the  north. 

In  the  Hampshire  basin  the  same  features  are  still  more  marked, 
since  the  Chalk,  with  the  superincumbent  Eocene  beds  dip  very  gently 
southwanls  from  Salisbury  and  Winchester  to  the  Isle  of  Wight,  where 
they  are  suddenly  bent  up  into  a  position  of  absolute  verticality. 

Tlie  Eocene  beds  of  England  rest  upon  the  upper  surface  of  the 
Chalk  in  apparent  conformity  ;  that  is,  there  is  no  apparent  difference  in 
the  dip  or  strike  of  the  two  groups.  There  is,  however,  a  real  im- 
conformity  between  them,  inasmuch  as  the  Chalk  presents  a  worn  and 
eroded  surface  for  the  base  of  the  Eocene  beds.  (See  ante,  chapter  on 
C/nconformahilit^,) 

Owing  to  the  character  of  the  ground,  there  is  no  one  place  where  a 
good  continuous  section  of  the  Eocene  beds  is  to  be  seen  in  the 
London  basin. 

In  the  Hampshire  basin,  however,  especially  on  the  south  side  of  it. 
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in  the  Isle  of  Wight,  where  tlie  betla  are  tilteiliip  along  with  the  Chalk, 
ami  ex])osed  in  the  sea  cliffs,  excellent  Kectionft  are  to  he  seen.  The 
following  fi«,'.  121,  is  a  diai^'Rimmatic  section  of  the  l>eda  as  they  arc 
nlu'wn  alon;4  tlie  western  shon*  of  the  Isle  of  Wight  It  is  reduced  from 
the  ont'  (hiiwn  by  Mr.  Bristow,  and  puhlishctl  in  the  2femoirs  OeoL  Surv. 
{Trrt.  Fhn\  Mar.  formation  of  I.  of  Wt\ght,  See  also  Sheet  47  iSfor. 
tS^'ct.^  and  ^/uet  25   Vert.  Sect.,  by  same  author). 


Foot  ef  Ht^.Rwa 
xtturH 


i  3^-:--4-?.-. 


in.  Tlu'  hi;;h  level  ;?nivi*l. 

/.  Bt'Jiiliriilp-  lu'ils. 

A'.  ()slii»nu'  iK'ds. 

J.  Ui»iH*r  Hfiuloii  IhmI«. 

i.  Miil<ll«'  Ilfndoii  \h.'(\a. 

h.  Lower  Ilcudon  ImmIs. 

'/•  Upper  Bagshot  Ixida. 


Fig.  121. 
Length  of  Hection  about  700  ynnU. 


/.  Barton  clay. 
<■.  Bmcklcbliani  l>eds. 
'/.  Lower  BagHhot  rtands  and  clays. 
r.  The  London  clay 
h.  Tlio  PhiHtic  clay  and  sanda. 
a.  The  Cltalk  (with  eroded  auifkce),   bavinit 
many  layers  of  flint. 


NoTi.— In  this  flgnn;  the  wood-engravor  has  unfortunately  not  copied  the  origbial 
drawing  quite  arcurately,  but  liaH  made  the  linoH  of  the  group /end  against  the  base  of  the 
^rwiip  fj,  as  if  the  Upjier  Bagshot  bcdii  restu^i  unconformably  on  the  Barton  clay.  The 
linos  of/ should  liuve  Iteeu  drawn  pamllel  to  its  boundaries  on  each  side. 


In  this  section  we  have  within  the  space  of  half  a  mile  the  whole  of 
the  Biitit*li  Eocene  series,  with  the  exception  of  the  uppermost  member, 
namely,  the  Hempstead  beds,  which  are  found  on  a  hill  four  or  five 
miles  east  of  Hcadon  Hill. 

Including  these,  and  tabulating  the  whole  series,  as  it  may  be  seen 
in  both  the  London  and  Hampshire  basins,  we  get  the  following  list  of 
consf cutive  groups ;  the  thicknesses  in  which  are  taken,  so  fiar  as  i^^ards 
the  Ui)per  and  Middle  Eocenes,  from  the  Survey  Memoir  by  Professor 
Forlx's  and  Mr.  Bristow,  entitled  Te.rtvary  fuvuhmarhie  Formation  of 
Me  of  Wif/ht;  those  of  the  Lower  Eocene  are  cliiefly  from  Mr.  Prest- 
wich's  papers  on  different  parts  of  the  London  basin.  They  are  eithier 
the  maximum  thickness  anywhere  observed,  or  the  mean  of  the  nfn^-giTyia 
at  different  places. 
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TmcAL  Groups  of  Rock. — London  and  Hampehire  basins — 

Feet. 

d.  Corbula  beds  .  15' 

c.  Upper  freshwater  and)     .^ 


Upper 

EOCEME. 


'8.  Hempstead 
series. 


7.  Bembridge 
scries. 


estaary  marls 
6.  Middle    . 

a.  Lower 
d.  Upper  marls 
c.  Lower  marls 

b.  Oyster  bed 
a.  Limestone 


i 


Middle  or] 
Paris 

EoCENBSb 


'  fi    Osbome  series    4  ^-  ^^'  ^^^^^'^  ^ands 
6.  Usbome  senes.  ^^^  Nettlcstone  grits 

iSQI 


5.  Hcadon  series 


(c.  «• 
ies.*-{  h.  ft 
la.  " 


4.  Bagshot  series.^ 


Upper  fresQwater 
Middle  marine 
Lower  freshwater 

d.  Upper  Bagshot 

e.  Barton  clay 

b.  Bracklesham  beds 
a.  Lower  Bagshot 


f  3.  London  clay  or  \ 
J         Bognor  series  f 

(^  1.  Thanet  sands 


Lower  or 

LONDOS 


170 


115 


70 


r  / 


200    A*  ^*'  ■ 


'.I 


y   1270 


1540 

480 

160 
90 

2560 


The  Lower  Eocene  Groups. 

1.  Thanet  Sand. — Light-coloured  quartzose  sand,  mixed  in  the 
lower  beds  with  much  argillaceous  matter,  but  never  passing  into 
actual  clay  ;  containing  occasionally  dark  green  grains,  like  those  men- 
tioned before  in  the  Greensands.  It  rests  almost  invariably  on  a 
stratum  of  chalk  flints,  from  which  the  chalk  seems  to  have  been 
washed  away  without  wearing  or  fracturing  the  flints,  and  these  are  of 
a  bright  olive  colour  externally,  by  which  they  may  be  recognised  in 
other  beds  (tertiary  or  drift),  to  which  they  may  have  been  subse- 
quently carried.  The  Thanet  sands  are  very  constant  in  character  from 
the  Isle  of  Thanet  throughout  the  London  basin,  but  thin  out  to  the 
westward,  till  a  little  noith  of  Windsor  they  are  only  four  feet  thick, 
shortly  beyond  which  the  beds  disappear  entirely. — (Prestwich,  Gedo' 
^tcalJaumal,  1852,  p.  235.) 

They  may  be  seen  abimdantly  in  the  sand-pits  and  railway  cuttings 
about  Woolwich. — (See  Oeological  and  Topographical  Map  of  LoTidon 
and  its  Environs,  by  R.  W.  Mylne,  F.G.S.) 

2.  The   Plastio  Clat,  or  the  Woolwich  and  Reading  series  of 

*  The  total  thickness  of  the  flayio-nuuine  strata  of  the  Isle  of  Wight,  reckoning  fh)m  the 
base  of  the  Headon  series,  will  he  fhmi  600  to  500  feet. 
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Prestw-ich.     This  group  is  more  variable  in  character  than  that  of  the 

Tlianut  sands,  and  also  more  widely  extended,  becoming  thicker  from 

east  to  west,  or  in  the  opposite  direction  to  the  Thanet  sands. 

On  the  east,  near  Heme  Bay,  we  have  in  it — 

Feet. 

c.  Argillaceous  greensand  .  .  .  .  12 
A.  Dark  gniy  ai"gillaoeous  sand  with  nodules  of  iron  )     _ 

pyrites  ......      J 

a.  Light  ash  green  and  yellow  sands  .         .  9 

28 

At  Black  Heath  it  consists  of — 

Fe«t. 
Pebble  beds  .  .  .  .  .         .  12 

Bro\mish  sand        ......  2 

Comminuted    shells  in  light  coloured  clay  with  )  ^ 

pebbles  ......      J 

Light  green  sandy  clays  .....  7 

Light  green  sands  ^^'ith  pebbles        ...  6 

33 

Near  Reading  the  beds  are — 

Feet. 
e.  Mottled  red  and  light  bluish  gray  clay  .         20 

d.  Laminated  yellow  sands       ....  2 

c.  Light  gray  and  greenish  sandy  clay  .  .  4 
h.  Fine  yellow  sand  .....  8 
a.  Greensand  with  Ostraea  Bellovacina      .         .  2 

36 

But  these  beds  are  more  than  fifty  feet  thick  in  other  parts  of  the 

distiict. 

At  New  Haven,  an  outlier  of  the  Hampshire  district — 

Feet. 
/.   Gray  clay  and  dark  yellow  sand  .         .         .  12 

h.  Round  flint  pebbles  in  gray  clay  and  yellow  sand  1 
(/.  Laminated  gray  clay  with  seams  of  yellow  sand  8 
/.  Conci-eted  oyster  rock  (0.  Bellovacina)  .         ,  2 

e.  Comminuted  shells  in  yellow  sand  and  gray  clay      6 

d.  Yellow,  brown,  and  red  sand  in  layers  .  5 
c.  Dark  gi-ay  clays  with  ironstone  .  .  .  20 
h.  AMiite,  oehreous,  and  green  sand  ...  25 
a.  Green  and  ferruginous-coated  flints  in  sand  .  2 
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In  Alum  Bay,  Isle  of  Wight,  these  beds  are  from  90  to  140  feet 
thick,  consisting  of  bright-coloured  tenacious  mottled  clays,  the  prevail- 
ing colour  being  blood-red,  but  having  mixtures  of  light-bluish  gray 
and  yellow,  light  and  dark  slate  colour,  lavender,  puce,  yellow,  and 
brown — almost  free  from  any  admixture  of  sand. — (Prestwich,  G.  J., 
1854,  vol.  X.  p.  75.) 

The  Druid  Sandstones,  Gray  Weathers,  Sarsenstoncs,  and  Pudding- 
stones,  scattered  in  loose  blocks  over  many  of  the  Chalk  downs  around 
the  London  basin,  are  believed  by  Mr.  Prestwich  to  be  consolidated  por- 
tions of  the  sands  and  gravels  of  the  Plastic  clay  series. 

3.  Thb  London  Clay. — In  the  London  basin  this  consists  of — 
h.  Dark  gray  and  brown  clay,  with  layers  of  sej»taria  or  cement-stones, 
var}'^ing  from  200  feet  on  the  west  to  480  on  the  east  about 
Sheppey  Island. 

a.  Basement  bed,  yellow,  green,  and  ferruginous  sands,  and  occasion- 

ally clays  with  layers  of  roimded  flint  pebbles,  having  a  total 
thickness  of  about  Ave  feet,  and  resting  on  the  slightly  eroded  sur- 
face of  the  beds  below. 

In  the  Hampshire  basin  we  have — 

b.  Dark  blue  clays  and  sands,  containing  nodules  of  argillaceous  iron- 

stone with  bands  of  gray  clayey  sands  and  dark-greenish  sands, 
sometimes  compacted  into  hard  stone  called  Bognor  rock,  having 
a  total  thickness  varying  from  193  to  363  feet, 
a.  Basement  bed  of  sand  and  clay,  with  a  conglomerate  of  round  flint 
pebbles  and  partly  rounded  fragments  of  chalk  and  of  the  mottled 
clays  below,  4  to  5  feet 

Characteristic  Fossils  of  the  Lower  Eocenes, — ^Each  of  the  groups  now 
described  has  in  reality  a  characteristic  assemblage  of  fossils,  many  of  which 
are  peculiar  to  the  group,  while  others  are  more  abundant  in  it  than  else- 
where. The  groups  are  also  linked  together  by  fossils  which  range 
from  one  group  into  that  above,  or  into  still  higher  beds.  In  the  first 
edition  of  this  work,  lists  of  the  characteristic  fossils  of  each  group 
were  given,  and  also  those  which  were  common  to  two  or  more  groups. 
Time  and  space,  however,  alike  forbid  the  revision  of  these  lists,  and 
compel  me  to  substitute  for  them  the  following  list  of  characteristic 
fossils  of  the  Lower  Eocene  betls  taken  together ;  but  prefixing  the 
numbers  1,  2,  or  3,  to  such  species  as  may  be  peculiar  to  one  or  more 
of  the  three  lower  Eocene  groups — 

Plants, 
3.  Hightia  elegans      ....        Bow.  Foss.  Fr.* 
3.  L^uminosites,  several  species  .         .  Ibid, 

*  Bowerbank's  Forail  Fruita  of  the  London  Clay. 


7-:^r-.lini  W-:: 


Q.J.G.&,  vij. 
D'Orbignj. 


'.  Vtnnii'ulini  Boinioilmsri^. 
•I.  ZmtlwiKn  tubriTiilttii. 


Itrnc/iiajioil/i. 
3.  LiiiKiilft  ttriiuis  ....         Sow.  M.  C,  1». 

3.  TfrulirutiiUm  striatulu  Fom.  gr.  41,  a. 
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3.  Ciyptodon  angnlatam 
2  and  3.  Cyprina  plonata 

2.  Cyrena  coueifonnis    . 

3.  Nucula  Bowerbankii 
3.  Ostrraa  Bellovadna 


Foi8.gr.  41,  tf. 
Sow.  M.  C,  619. 
Fobs.  gr.  41,  e; 
Geol.  Tr,  voL  v. 
Sow.  M.  a,  388. 


Law«r  Eocene  PouUi. 
1.  Terebntnliiu  nriitula  /.  Aporluli  Sowerbll. 

h.  Plniut  Ifflnls.  }.  Nutlliu  ImpariillK 

c.  Cyrena  cmieffnniila.  h.  Colopoma  Colel. 

d.  CrypCodnn  anguUtuiii  i.  Lunoii  elegui, 
c   Vulnta  WetbenUll.                           J.  Otodoi  obliquua. 


2.  Pholodomj'a  margoritacca  . 

3.  Pinna  affiiiie 

2.  Sjndosmya  spleodens 
8  and  3.  Teredo  anUnautee 

SB  S 


Sow.  M.  C,  297. 
Foaa.  gr.  41,  b. 
Tab.  View. 
Sow.  U.  C,  102. 


642 


EOCENE  FEBIOD. 


k 


Gasteropoda. 

3.  Aporrhais  Sowerbii 

3.  Cassidaria  Smitliii 

2.  Orithiuiii  funatum 

3.  CjiJrsea  ovifomiis 

2.  Melania  in([uinata 
1.  Trophon  subnodosum 

3.  Voluta  Wetheitillii 

Cephalopoda 

3.  Belosepia  sepioidea 
3.  Nautilus  imperialis 

Echmodermata, 

3.  Astropecten  crispatua 

3.  Gonia8tor  Stokesii 

3.  Ophiiira  WetliercUi     . 

3.  Pentacrinus  sub-basaltiformis 

Anndida. 
3.  Vemiicularia  Bogiioriensis  . 

Cnutacea, 

3.  Hoploparia  Bellii 

3.  Zantliopais  tuberculata 

FuL 
3.  Coelopoma  Colei 
3.  Lamna  elegans   .... 
3.  Otodus  obliquus 

Reptiles, 

3.  Chelone  breviceps 

3.  CrocodOus  chauipsoides 

3.  Palaeopliis  toliapicus  . 

Birds, 

3.  Halcyomifl  toliapicus  . 
3.  Litbomis  Vulturensis 

Afa^nmals, 

3.  Coryphodon  Eocwnus 
3.  Didelphys  Colchesteri 
3.  Hyracotherium  leporinum 
3.  Macacus  Eocscnus 
3.  Pliolophus  vulpicepa  . 


Fobs.  gr.  41,/. 
Sow.  M.  C  578. 

Ibtd.,      147. 

Ihid.y  4. 

Ly.  Man.,  fig.  234. 
Q.  J.  G.  S.,  viiL 
Foss.  gr.  41,  e. 


Ly.  Man,,  fig.  286. 
Fobs.  gr.  41,  y. 

M.  0.  a,  Dec  1. 

Ibid. 
Foes.  gr.  40,  d. 
Fofis.  gr.  40,  c. 

Fobs.  gr.  40,  e, 

Fofls.  gr.  40,/. 
Fobs.  gr.  40,  y. 

FoBB.  gr.  41,  k. 
Fobs.  gr.  41,  u 
Fobs.  gr.  41,y. 

Owen,  Fobs.  Hep. 
Ibid. 
Ibid. 


Owen,  Foaa.  Mam. 
Ibid. 


Owen,  Fobs.  Mam. 

Ibid. 
QeoL  Tr.,  voL  vL 
Owen,  Fobs.  Mam. 
— PBlffiontology. 
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The  Middle  Eocene  Groups. 

4.  The  Bagshot  Series  takes  its  name  from  Bagshot  Heath,  but  is 
best  seen  in  the  Isle  of  Wight.      It  consists  of  four  groups,  namely  : — 

4  a.  The  Lower  Bagshot  beds,  composed  of  alternations  of  sand  and  clay ; 
the  sands  generally  pale  yellow  or  gray,  but  sometimes  dark  and 
ferruginous,  at  others  fawn-coloured  or  rose-coloured  ;  the  clays 
are  white  pipe-clay,  or  gray  or  chocolate-coloured  clay.  Thick- 
ness, 660  feet 

4  b.  The  Bracklesham  beds,  so  called  from  Bracklesham  in  Sussex,  dark 
chocolate-coloured  marls  and  carbonaceous  clays  below,  over 
which  are  whitish  marly  clay  and  white  sands  capped  by  a  band 
of  conglomerate  of  flint  pebbles.     Thickness,  110  feet 

4  c.  The  Barton  beds,  greenish-gray  sandy  clay  below,  passing  up  into 
bluish-green  and  brown  clay,  interstratified  occasionally  w^ith 
beds  of  sand  and  loam.  Thickness,  300  feet.  This  was  for- 
merly supposed  to  be  the  London  clay. 

4  d.  Upper  Bagshot  beds,  yellow  and  white  sands  with  ferruginous 

stains.     Occasionally  120  feet 

{Mr,  Brisioufs  section  in  Mems.  Oeol,  Survey^  1856. 
Forhti  hie  of  Wight  Mem) 

This  arrangement  is  different  from  that  given  by  Mr.  Prestwich  in  his 
papers  in  the  Qeological  Journal  It  appears  that  No.  1 6  of  Mr.  Bris- 
tow's  section,  p.  157,  is  the  same  as  No.  24  of  Mr.  Prestwich's  in  Geo- 
logical Journal,  vol.  ii.  p.  258.  All  below  that,  Mr.  -Bristow  calls 
Lower  Bagshot,  while  Mr.  Prestwich  includes  many  of  the  sands  below 
in  his  Bracklesham  series. — {Oeohgical  Journal^  vol.  xiiL  p.  99.) 

6.  The  Hbadon  Sebies. — ^All  the  Eocene  beds  described  in  the 
preceding  pages,  except  part  of  the  Plastic  Clay  series,  are  of  marine 
origin.  With  the  commencement  of  the  Headon  series,  however,  we 
meet  with  indications  of  fresh  water  having  prevailed  over  what  is  now 
the  Hampshire  area,  as  well  as  at  the  corresponding  period  of  the  Fkuis 
tertiaries.  In  the  London  area  no  beds  higher  than  the  Bagshots  are 
known. 

5  €L  The  Lower  Headon  beds  consist  of  31  feet  of  clays  and  marls  in 

WhitedifF  Bay,  while  at  Headon  Hill  and  Colwell  Bay  they 
contain  thick  limestones,  and  are  from  60  to  80  feet  thick,  and 
they  are  still  more  varied  at  Hordwell  on  the  opposite  coast 
They  are  the  "  Lower  Freshwater  formation"  of  Webster. 
5  h.  The  Middle  Headon  beds  consist  principally  of  sands,  shewing  at 
Headon  Hill  brackish  water  fosaila,  but  containing  beds   of 
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oystoi-s;  while  at  Colwell  Bay  and  Hordwell,  and  still  more 
stiun^'ly  at  Wlnteclitr  Bay,  the  beds  have  a  purely  marine  cha- 
racter.    AVebstLT  called  them  the  "  Upper  Marine  formatiom** 
At  Cijlwell  Bay  they  are  only  23  feet  thick,  but  at  Whitecliff 
Bay  thev  swell  out  to  100  feet. 
5  c.  The  Uj^per  Headon  beds  contain  the  strongest  limestones  of  Headou 
Hill,  where  they  are  85  feet  thick,  tldnning  out  rapidly  towards 
the  north.     They  are  represented  by  a  few  very  thin  and  incon- 
sj)icuous  sandy  concretionary  bands,  with  a  total  thickness  of  • 
only  44  feet  in  Whitecliflf  Bay.      The  uppermost  beds  of  the 
group  are  marls.  Webster  gave  the  name  of  "  Upper  Freshwater 
formation"  to  this  group. 

C.  Osborne  Series. — This  series  varies  from  50  feet  in  Headon 
Ilill  to  80  feet  at  Whiteclitl"  Bay.     It  is  divisible  into  two  groups. 

G  a.  Tlic  Nettlestone  grits  consist  of  hard  rag  and  shelly  sandstone 
behnv,  capped  by  marl  and  bright  yellow  limestone.  The 
whole  about  20  feet  in  thickness  in  some  places,  but  in  others 
thinning  out  and  disapi>earing,  or  becoming  a  mere  loose  sand. 

()  h.  Tlie  St.  Helen's  sands,  or  upjxTmost  part  of  the  Osborne  series, 
consist  of  an  alteration  of  white,  and  green,  and  yellow  sands, 
with  blue,  white,  and  yellowish  clays  and  marls,  having  a  total 
thickness  of  about  50  feet. 


Characteristic  Fossih  of  the  Middle  Eocene  Groups, 

Some  of  the  beds  just  described  contain  in  many  places  an 
enornit)Us  abundance  of  fossils,  oft^ju  in  the  highest  state  of  preservation- 
Each  group  and  each  sub-grouj)  has  fossils  peculiar  to  itself  as  well  as 
others  c(unnion  to  it,  and  one  or  more  other  groups.  The  Barton  Clays 
on  the  coa>t  of  Dorsetshire,  and  the  Bracklesham  beds  of  Sussex,  are 
literally  crowded  witli  beautilid  shells,  of  which  a  magnificent  series 
may  now  be  seen  in  the  causes  of  the  Museum  of  Practical  Gteology  in 
Jennvn  Street. 

The  following  list  contains  a  very  meagre  and  imperfect  selection 
from  the  completer  lists  of  Middle  Eocene  fossils  ;  the  numbers  prefixed 
referring  as  before  to  the  groups. 

Plants. 

6.     Chara  Lyellii  ....         Geol.  Tr.,  voL  ii. 

4b.   Comptonia  dryandrifolia  .         .         Brongniart. 

4a.  Leaves  of  trees  beautifully  preserved  in  pipe  clay. 


SOCtSZ  PSBIOD.  C- 

ForamMi/tra. 

Ah.   Nunilni]]it«9  liEvigatua  Yam.  gr.  4!,  h, 

4*.    Qninqueloculina  Hauerinu  Dis.  Foss.  Suas. 
Ab.   RotaUna  obscura      ....  /Ai'rf. 

4c.  Trilociilina  coranguiniuii  ,         .         .  Ihid. 


Aetinoioa. 


Ah.  Litharea  Websteri 

Ae.  Turbinolia  Borerbankii 

Braehiopoda. 
4c.  Terebratula  Liainnata 

Conehifera. 
4  b  and  ft  Area  Bianderi 
Ab.  CuditA  (VflDiBncvdia)  planiwirta 


/.  Cnuatclti  sulcato- 
g.  Couu*  rlurmitor 


Foes.  gr.  4S,  a. 
Br.  Foaa.  Cor. 


Dav.  Biach. 


T»b.  View. 
Tab.  View. 
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4<-.  Chaiun  gqutuuosa 

4  i  ami  e.  Cotbuln  pUuiii 

Ac.  C'rasBat«?lIa  sulcata 

4  b  and  e.  Ostra.<a  flabellulu 

ij.     Puliuiiuiiiyu  (jregnria 


FoflB.  gr.  42,  d. 

FoM.  gr.  43,  t. 
Fob*,  gr.  42,/. 
Fosa.  gr.  42,  e. 
Sow.  M.  C,  363. 


Fouill  arour>43. 
Middle  Eucenf  Foulln. 

/,  VtUa 


}.  Cuicclluli  mim. 
h.  OUr*Bninaeri. 
i.  AnctUuii  bncdDoldei. 
nt  vtrUtnm. 


Gatlero/xxia. 

4  b  and  c.  Aucillariu  buccinoidea  Foes.  gr.  43,  t. 

4  i  and  c.  Concellariu  cvulsa  Foaa.  gr.  43,  ^. 

4r.  ConuB  dormitor           ....  Fobs.  gr.  42,  g. 

4  b  and  c.  Dciitaliura  striatum  .         Fobs.  gr.  43,/. 

4  b  and  c.  Fueus  longcevue                .  ,         Fow.  gr.  42,  A. 

6,  6,  and  7.  Lymnrea  longiacata  Fon.  gr.  44,  i. 
G.  UelaiiqiBis  subfusifonnia. 
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4c.  Mitia  scabra      .... 

Sow.  M.  C,  401. 

4  b  and  c.  Murex  asper    . 

Fobs.  gr.  42,  t. 

4  b  and  c.  Natica  ambulacrum 

Foss.  gr.  43,/. 

4c.  Oliva  Branderi            .         .         .         . 

Foss.  gr.  43,  h. 

5  and  6.  Planorbis  euomphalus 

Tab.  View. 

?  Pleurotoma  colon           .         .         .         . 

Fobs.  gr.  43,  a. 

6.   Potamides  (Cerithium)  concavus  . 
4c.  Rofitellaria  rimosa 

Sow.  M.  C,  339. 
Foss.  gr.  43,  b. 

4c.  Strombus  BartoncnRiH 

Foss.  gr.  43,  c. 

4c.  Trodms  monilifer       .         .         .         . 

Sow.  M.  C,  367. 

4c.  Typhis  pungens          .         .         .         . 
4  b  and  c.  Voluta  luctatrix 

Tab.  View. 
Foss.  gr.  43,  e. 

scabricula 

Foss.  gr.  43,  d. 

CcpAa^Wa. 

4b,  Beloptcra  Belemnitoidea     . 

Dix.  Foss.  Suss. 

EchiTwdermata, 

4c.  Eupatagus  Hastingsise 

Tert  Ech.,*  26. 

Fish. 

4b,  Edaphodon  Bucklandi 
4b,  Myliobatis  Edwardsii 

Agassiz. 

Dix.  Foss.  Suss. 

Reptiles, 

4c,  Alligator  Hantoniensis 
4c.  Crocodilus  Hastingsisa 
46.  GavialiA  Dixoni          .         .         .         . 

Owen,  Fobs.  Rep. 
Ibid. 
Ibid, 

4b,  Palsdophis  Typhaeus   .         .         .         . 

Ibid, 

MammtUia, 

5.   Dichodon  cuspidatus  . 

4b,  Lophiodon  minimus   .         .         .         . 

Q.  J.  G.  S.,  iv. 
Owen,  Fobs.  Mam. 

5.   Microchcerus  erinaceus 

Q.  J.  G.  S.,  vol.  ii. 

5.   Paloi>lotlierium  anncctens   . 

Ibid,y         iv. 

The  Upper  Eocene  Groups. 


The  fluvio-roarine  conditions  are  still  continued  in  the  Isle  of 
Wight  district  without  any  very  marked  line  of  distinction,  between 
the  top  of  the  Middle  and  the  base  of  the  Upper  Eocene  groups. 

*  Forbet'a  Tertiaiy  Echinodmntta,  FuJ.  Boc. 
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7.  The  Bembridge  Series  contains  the  following  sab-diTiflions,  be- 

<4[inning  with  the  lowest : — 

7<i.  Tlie  Bembridge  limestone.  A  jmle  yellow  or  cream-coloured  lime- 
ftitone,  interstmtitied  with  clay  or  crumbling  marl — ^the  lime- 
stone full  of  cavities,  and  often  quite  tufaceouB  and  concretioDaiy, 
sometime.s  a  true  tmvertinc,  and  Bometimes  conglomeritic  ;  con- 
tidiLs  siliceous  or  cheily  Imnds  in  some  places.  Tliickness,  20 
to  25  feet. 

Ih,  Tile  oyster  bed.  A  few  feet  of  greenish  sands  containing  oysters 
{Ostraa  Vtctcnsii<)  in  great  abundance,  capped  by  a  bond  of  hard 
septariiui  stone,  which  is  constant  over  a  lai^  area.  About  10 
feet  altogether. 

7c.  Unfossiliferous  mottled  clays,  alternating  with  fosailifeicuB  lami- 
nated clays  and  marls  containing  Cyrena  pulchra, 

1(1.  Marls  and  laminated  gray  clays,  containing  Melania  turritiMsima, 
CapiKid  by  the  Blacl'  land  fonning  the  base  of  the  Hempstead 
series. 

8.  The  Hempstead  Series — the  three  lower  divisions  of  fresh- 
water and  estuary  origin. 

Hff.  Tlie  lowest  bc^l  of  this  group  is  a  firm  carbonaceous  laminated 
clay,  liighly  fossiliferoiLs,  about  2  feet  thick,  known  as  the 
Black  band  ;  over  wluch  are  pale  bluish  and  yellow  shaly 
marls,  with  ironstone  concretions.  The  whole  about  40  feet 
tliick. 

h'f.  Tlio  base  of  this  group,  called  the  White  band,  is  a  bed  of  mingled 
broken  and  entire  shells,  more  or  less  consolidated,  often  very 
ferruginous,  fix)m  G  inches  to  2  feet  thick ;  over  which  are 
mottled,  yellow,  and  pale  green  marls,  capped  by  shaly  clays 
and  dark  marls,  tuid  Idue  green  femiginous  clays,  with  irouBtone 
concretions.     Total  thickness  about  50  feet 

Sc.  Variegated  red  and  green  marls  and  gray  clays,  covered  by  greenish 
clay,  passing  up  into  pale  and  dark  gray  or  lead-coloured  days. 
Tliickness  about  40  feet 

8(/.  Clays  with  septaria,  and  gray  and  bluish  clays  with  concretions 
containing  abundance  of  Corhula  ;  marine.    About  25  feet  thick. 

The  Characteristic  Fossils  of  the  Upper  Eocetu  Beds. 

Plants. 

7  and  8.  Chara  medicaginula  Foss.  gr.  44,  a. 

Flabellana  Lamanonis  Brongniart 
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8d.  Corbula  Vectawia 

'7e.  Cyiena  pulchra 
lb.  Ostnea  Vecteneis 


Conchifa^ 


G*9 


Forbes,  L  of  W.,  pi.  I.* 
Fosa.  gr.  44,  6. 
Forbes,  I.  of  W.,  pL  3. 


Fossil  Onap  Ko.  44. 

Upper  Eoceoa  FowlU. 

I.  Chan  DieiUovlDiilk.  d.  Pdodiiu  orblculult 

i.  Cimiift  pnlehn.  t.  BoUmiu  alllptiuiu. 

/  Helix  D-Uibuil. 


7.  Achatina  coatellata 

7.  Bulimiu  eUiptJciu 

8.  Cerithium  elc^aos 

7.  Helix  D-Urbani    . 

8.  Hydrohia  ChABtellii 
7a.  Melania  tunitimiraa 
7.  Faludina  orblculatu 
7.  Flanorbig  diwua    . 
6.  Voluta  Bathieii    . 


Foea.  gr.  44,  r. 
Fobs.  gr.  44,  e. 
FosB.  gr.  44,  h. 
Foes.  gr.  44,/. 
Fobs.  gr.  44,  g. 
Ly.  MaD.,fig.  162. 
Foee.  gr.  44,  d. 
Ly.  Man.,  fig.  187. 
Ed.  Eoc  MoLf 


■  Fnb^i  hie  of  Tl^t,  bi  H 


G50 
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Reptiles, 

8.  Tiionvx  iucrassatus 

Mammalia, 
7.  Anoplotheriiim  commune 
7.  C^liccropotauuis  Ciiviuri 

7.  Dicliul.)imi'  comnuiu 

8.  Ilyopotamus  bovimis 
7.  Voctensis     . 

7.  Palscotherium  crassum 

8.  ma|:nium 


Owen,  Foss.  Rep. 

Ly.  Man.,  fig.  190. 
Qeol,  Trans.,  voL  vL 
GeoL  Trans.,  voL  vi 
Q.  J.  G.  S.,  voL  iv. 

Ihid. 
Geol.  Ti-ans.,  vol.  vL 
Ly.  Man.,  fig.  191. 


France  and  Bihjium. — ^Tlie  labours  of  Mr.  Prestwich,  continned  so 
loiip(  and  {issiiliiously,  have  gradually  made  plain  to  ns  the  coirelation 
f)f  the  Enj^lish  and  Froncli  Eocene  beds,  and  joined  with  those  of 
Sir  C.  Lvi'll  and  ^I.  Dumont,  have  also  taught  us  the  relation  of  these 
with  those  of  B<'l«^dum.  The  following  table  exhibits  these  relations  as 
they  an*  now  believed  to  be,  taking  Mr.  Prestwich's  classification  for  all 
below  the  Upper  Kigshot  j^ands,  and  Professor  Edward  Forbes*  for  those 
and  all  above  them  : — 


Kncji-and. 


:11.  Ilcmpstcad. 

10.  Ikmbridge. 

'  9.  OsWne.  ) 
i  8.  llcadon.  j 

7.  Upper  Bagshot. 

6.  Barton  clay. 
i 
!  5.  Bracklosham. 


nr.ujU'M. 


RupeHen. 


Tongrien. 

Lacckcuicn,  part  of? 

Systcmc  LacckenieD 

Biipcrieur  ? 
Systr'mc  Lacckonicn 

iiifericur? 

SyBt^meBnixellien. 


France. 


SCalcaire  de  la  Beaace. 
Grds  do  Fontaineblean. 
)  Sables  et  bancs  de  coquilles, 
(     mamcB  marines. 
( Calcaire  BiliceoZi  calcaire  la- 
-J      cuBtre  movenne,  Gypseooa 
(     Bones  of  Montmartre,  etc. 
( Calcaire   marin   et  Gr^   de 
(      Beauchamp. 

>■  Sables  moyenneSi  tipper  zone. 

[•Sables  moyennes,  lower  zone. 

{Calcaire  grossier,*  and  Glaa* 
conie  groBBivre. 


^  Mr.  rreotwich  gives  {Gcol.  Jour.,  vol.  xili.  p.  U9),  tho  following  detailed  deacrtption  of 

the  Calcairo  gru8»icT : — 


4.  Compact  white  marln,  passing  down  Into  altomatlons  of  greenish  maria  and 
tbin  yellow  limcstoneH,  with  rtcains  of  chert         ..... 

3.  Tliiu  iM^ddeil  fls.silo  calcareous  UagH  and  sandstones,  alternating  with  white 
innrli)  ami  llino.stoncs  ....... 

'2.  Tlu<k  maiu  nia.ss  of  Boft,  li|^ht-yellow  calcareous  freestone  (the  boilding  atone 
of  Paris  ^'ot  liy  miniug  or  Bubterrancan  quarrying)  passing  sometimes  into 
calcareous  snnds       ........ 

1.  Variable,  more  r^r  less  caIcareou.s,  green  sands,  sometimes  concreted,  flint 
pebbles  often  at  base  ....... 


Feet 


to 


16 


40 
100 
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En'oland. 


Belgium. 


France. 


4.  Lower  Bagshot. 

3.  London  clay. 

2.  Woolwich   and 
I  Reading. 

1.  Thanet  sands. 


Systenio  Ypresien 

superieur  ? 
Systtjme  Ypresien 

inferieur. 

f  Systemo  Landcnien 
"X      superieur. 


{ 


Syflteme  Landenien 
inferieur. 


(  Lits  coquillicres,  and  Glauco- 
(     nie  moyennc. 

I  Wanting.* 

(  Ores  de  Pondingues,  Lignites 
•<      et  Arcile  Plastique,  Glau- 
(^     conic  inferieur. 

>•  Wanting. 


Accoixling  to  Mr.  Prestwicli,  the  London  Tertiaries  were  dqwHiteil 
in  a  sea  o^xin  to  the  noilli,  Rprt^ading  at  least  over  south-east  England, 
Belgium,  and  north  of  France,  whilst  to  the  south  of  that  area  dry  land 
I)revailed  over  the  great  part  of  the  Paris  Tertiary  district  and  still  far- 
ther south.  Gmdual  depression  then  took  place,  extending  the  limits 
of  the  sea  over  the  Paris  area,  leading  to  the  introduction  of  Xummu- 
lites  and  more  southern  forms  of  marine  life  than  had  hitherto  i)re- 
vailed.  Dry  land  was  still  in  the  immediate  neighl)ourhood,  as  8he>\'n 
by  the  occasional  presence  of  terrestrial  forms,  and  alternations  of 
elevation  and  depression  doubtless  took  i)lace,  modifying  here  and  thei-e 
the  physical  geography  of  the  district.  Tlie  Barton  Clay,  for  instance, 
seems  to  have  been  deposited  in  a  sea  of  a  more  northern  character  than 
that  in  which  the  Bracklesham  clays  and  sand  were  fonned.  Fresh- 
water conditions  finally  became  prevalent,  large  estuaries  ojKined  into 
the  sciis  over  the  British  and  north  of  France  areas,  while  large  lakes 
existed  in  the  centre  and  south  of  France,  where,  soon  after,  volcanic 
eruptions  commenced  to  break  forth,  and  continued  for  many  thousand 
years  in  subsequent  periods.  Edward  Forbes  pointed  out  that  the 
upp<^r  part  of  the  Bembridge  serie.s  was  probably  of  the  same  age  as  the 
Molasse  of  Fronsadais  and  associated  beils,  and  al.^o  as  the  Calcaire  ^ 
Asteries  of  the  south-west  of  France  ;  part  of  the  Tertiary  beds  of 
Malta,  Corsica,  Greece,  Crete,  Cerigo,  south  of  Spain  and  Portugal, 
Azore.«*,  and  North  Africa,  were  also  considered  to  be  contemporaneous 
with  the  Hempstead  series.  Contemporaneous  vriih  the  Hempstead  also 
were  the  Molasse  ossifere  and  the  Faluns  jaunes  of  Dax,  the  lower  divi- 
sion of  the  Vienna  Tertiaries  and  the  marine  beds,  the  Cerithium  kalk 
and  UpiMjr  brown  coal  of  Mayence. — (J/irww.  GeoL  Scr.  1856,  p.  100.) 

Sir  C.  Lyell,  however,  in  his  Supplement,  thinks  that  it  would  l)e 
more  convenient  to  retain  a  nomenclature  common  on  the  Continent, 

♦  Some  part  of  It,  bowerer,  formerly  extended  into  Normandy,  a«  some  cUy  at  the  top 
of  the  cliff  of  Ailly,  near  Dieppe,  ii  believed  to  be  London  clay.— (Prettwich,  Gtol.  /our., 
vol  xi.  p.  230.) 


^ 
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and  to  clo^s  tlie  Hempstcacl  series  and  its  contemporaneoTiB  beds  as 
Lower  Meiocene,  making  the  l>ed8  from  the  Barton  Clay  to  the  Bem- 
brid^'e  senes  inclu9ivc  Upi>er  Eocene,  and  taking  the  Bracklesham  and 
Lower  Bugshot  beds  only  as  Middle  Eocene.  He  remarks,  however, 
that  we  must  in  this  case  look  on  the  boundary  l)etween  Eocene  and 
Meiocene  as  an  arbitrary  and  purely  conventional  line. 

Cei'tuinly,  as  far  as  England  (Isle  of  Wight)  is  concerned,  the 
II(^nipsteiul  beds  are  linked  to  those  below  by  abnost  as  great  a  number 
of  sjKicies  as  they  have  peculiar  to  themselves. 

The  AlpSy  the  Borders  of  the  Mediterraneany  Egypt,  India, — Through 
th(\so  countries  from  the  Alps  to  the  Himalayas,  occurring  at  intervals 
through  25°  of  lat.  and  near  100°  of  long.,  are  found  great  masses  of 
ix>ck,  sonietiuies  even  thousands  of  feet  in  thickness,  crowded  with 
nuniiuulites  and  often  alnioet  made  up  of  them.  These  are  of  Mddle 
Eocene  age.  Tlie  siunmits  of  some  of  the  Alps,  such  as  the  Dent  dn 
Midi  and  Diiibleretz,  are  fonned  of  these  beds.  Associated  with  these 
are  still  higher  V>ed8  called  Fl^^sch  and  Macigno  in  Switzerland  and 
North  Italy,  and  the  black  slates  or  shales  of  Qlarus,  and  other  beds  in 
Switzerland,  continuing  quantities  of  fossil  fish,  etc.  The  Monte  Bolca 
fish  l)e<ls  are  also  of  about  this  age. — (Murcluson,  Otol.  Jour,,  voL  v.  p. 
157,  etc). 

The  Eocene  beds  of  the  Alps  are  not  only  of  as  great  a  thickness, 
but  am  as  >'iolently  disturbed  and  contorted,  and  as  frequently  inverted, 
as  are  the  older  Pala?ozoic  rocks  in  the  moimtains  of  Britain. 

M.  Alcide  D'Orbigny  uses  the  name  of  Suessonien  (from  the  town  of 
Soissons)  to  include  the  Lower  Eocene  beds,  from  which,  however,  he 
exchules  the  London  clay,  but  includes  the  Nimmiiditic  formation.  He 
also  gives  the  designation  of  Parisien  to  the  London  clay  of  England 
and  the  Paris  tortiaries,  from  the  Glauconie  grossiere  to  the  gypsum 
beds  of  Moutniortre — a  classification  which  Mr.  Prestwich  has  shervi'n 
to  be  a  mistake.  D'Orbigny  then  takes  the  Gr^  de  Fontoinebleau  as 
the  ba.se  of  his  twenty-sixth  stage,  which  he  calls  Falunien,  subdividing 
it  into  two — Lower  Falunien  or  Tougrien  to  which  he  assigns  the  Grfes 
de  Fontoinebleau,  and — LTpper  or  Falunien  proper,  which  he  identifies  at 
the  same  time  with  the  Miocene  of  Lyell,  and  the  Crag,  which  is  be- 
lieved to  be  Pleiocene. 

A'orth  America. — Sir  C.  Lyell  places  the  Claiborne  and  Alabama 
beds  among  the  productions  of  the  Middle  Eocene  period. 

Life  op  the  Period. 

The  following  new  generic  forms  now  for  the  first  time  make  their 
appearance  within  the  British  area,  those  apparently  confined  to  the 
period  being  distinguished  as  before  by  an  asterisk  : — 
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Plants,  *Callitrite8,  *Cupanoide8,  ♦Frenelites,  *Higlitea,  *Iiegumino8- 
sites,  *Mimo8ites,  *Nipadite8,  *Petrophiloides,  *Soleno8trobus, 
*Tricarpellites,  *Wetlierellia,  ^Xulionosprionites. 

Forammi/era,  Alveolina,  Biloculina,  Globulina,  ^Nun^mulites,  Opercu- 
lina,  Robulina,  Triloculina. 

Actimzoa,  *A8trocfl8nia,  Balanophyllia,  ''^Dasmia,  Dendrophyllia,  *Dip- 
helia,  *Holar8Ba,  *Litharea,  Mopsea,  Oculina,  Paracyathns, 
*Stereop8ammia,  Stylophora,  Turbinolia,  ^Websteria. 

Pclyzoa  and  Brachiopoda,  none  known. 

Conchiferay  Cardilia,  Clavagella,  Cyclas,  Diplodonta,  Dreissena, 
Kellia,  Glycimeris,  Nucinella,  Panopsaa,  Solen*,  Syndosmya, 
Teredina. 

Oasteropoda,  Acbatina,  Adeorbis,  Ancillaria,  Ancylus,  Auricula,  Bi- 
frontia,  Bulimus,  Calyptrsea,  Cancellaria,  Olausilia,  Conus,  Craspc- 
dopoma,  Crepidula,  Cuma,  Cyclostoma,  Cypwea,  Fasciolaria,  Helix, 
Limnsea,  Miu'ginella,  Melampus,  Melania,'  Mitra,  ''^Nematura,  Niso, 
Odostomia,  Oliva,  Ovula,  Pedipes,  Planorbis,  Pleurotoma,  Pseu- 
doliva,  Pupa,  Pyramidella,  Ringicula,  Hotella,  Sigaretus,  Strombus, 
Succinea,  Terebellum,  Terebra,  Triton,  Typhis,  Volvaria. 

Pteropoda,  no  new  forms  known. 

Cephalopoda,  *Beloptera,  *Belosepia. 

Echinodermata,  *Eupatagus,  ♦Schizaster,  Spatangus. 

Annelida,  Ditrupa. 

Cirripedia,  Balanus. 

Crustacea,  ''^ArchsBocarabus,  ^Basinotopus. 

Fish,  *Acestru8,  Accipenser,  iEtobatis,  *Amplieri8tU8,  *Auclienilabru8, 
*Botliro8teu8,  *Brachygnathu8,  •Calopomus,  Carcharodon,  *Calo- 
cepbalus,  *CoDloperca,  *CoDlopoma,  Elasmodus,  *Eurygnathus,*Gly- 
phis,  *Goniognatliu8,  *Halecop8i8,  *LabropliagU8,  *Laparus,  Lepi- 
dostcus,  ^Loxostomus,  Megalops,  Merlinus,  Myliobatis,  Myrip- 
ristis,  *Naisia,  *Pacliycephalus,  *Perco8toma,  *Periodu8,  *Phalacrufl, 
*Pha8ganu8,  *Phyllodu8,  ♦Pisodus,  ^Platylcomus,  *Podoceplialus, 
*Pomopliractus,  Pristis,  •Psaliodus,  *Ptycliocephalus,  *Rliinoce- 
phalus,  *Rliipidolepi8,  *Rlioncus,  «RLyncorliinu8,  *Sci»mirus, 
•Scombrinus,  Silurns,  ♦Sphyrronodus,  Spinax,  *Teratichthys. 

Reptiles,  Alligator,  CrocodQus,"  Emys,  Ciavialis,  ^Palseophis,  *Paler}'x, 
Trionyx.* 

Birds,  *Gastomis  (France),  *Halcyomis,  *Litliomis,  ♦Protomis. 

Mammalia,  *Anoplotlierium,  *Cha)ropotamu8,  *Corypliodon,  Dichobune, 
*Dichodon,  Didelphys,  *Hy8Bnodon,  ♦Hyopotamus,  *Hyracotheriiun , 

1  Unless  the  shell  called  Solen,  fh>fn  the  Carboniferotui  limestone,  be  a  trae  Solen. 
>  Unless  a  doubtfUl  species  firoro  the  Carboniferons  limestone  be  a  trae  Melania. 

*  Unless  certain  fragments  fhmi  the  Wealden  be  tme  Crocodiles. 

*  Unless  fkvgments  from  the  Oolitic  rocks  of  Scotland  be  those  of  tme  Trionyx. 
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*Lo])hiod(>n,  Macaciia,  *Microcli8Bnw,    *Pala)otheriuni,  •Paloplo- 
tlicnum,  *Pliolopliu8,  *Simlacodoii,  Veepertilio  ? 

The  f()1I(>\vLn<^'  additional  genera  of  Mammalia  have  been  found  in 
rocks  oi  tliis  |X'nod  in  Fnuice,  unless  some  of  those  rocks  ought  more 
])ropcily  to  be  called  Meiocene : — 

*Adai»is,  *  Aidielothoriiini,  *Ancliilopii8,  Ancliitherimu,  Canis,  Cjnodon, 
Kurvtlieriiim,*Halithermm,*Lophiotherium,Myoxiis,Oplotlierimn, 
•Pacliyuolophus,  Palaiunyctis,  Propalaeotherium,  Sciurus,*Xiphodon. 

The  Plants  have  now  the  general  appearance  of  those  of  our  own 
day,  the  fut>sil  leaves  being  Buch  as  look  to  unbotanical  eyes  like  the 
leaves  of  our  conuucjn  trees.  Tlie  fruits  found  in  the  London  clay  of 
the  li^le  of  Sheppey  are  euiue  like  [>alm  nuts  and  some  like  coffee  betiies, 
and  other  forniH,  such  as  seem  familiar  to  persons  who  have  visited 
tropical  ivgions. 

The  Foi-aminifera  become  enormously  abimdant  in  some  places, 
whole  mountain  masses  being  almost  composed  of  Nummulites  (see 
Foss.  gr.  4ii,  />).  I  have  seen  an  equal  abundance  of  a  similar  form 
tailed  Orbitnlites  (see  Dr.  CariH:nt<jr's  pa^K^rs  in  P/iiL  T/^ns.^  1856)  in- 
e-ide  the  coral  reefs  of  the  north-eiust  coast  of  Australia,  where  from  depths 
of  10  to  20  fathoms  the  dredge  would  often  come  up  fiUed  with  Qrbito- 
lites,  while  the  sand  of  the  t-hores  of  the  mainland  and  islets  was  often 
cuuii^osed  of  them,  and  I  sometimes  found  them  adhering  to  sea  weeds, 
in  ai»j>arently  a  living  state,  and  of  a  delicate  flesh  colour  in  the  centre. 
It  will  be  recollected  that  a  smaller  form  (Globigeiina)  is  also  now 
foniiiiig  a  vast  foraminifei-ous  dei>osit  in  the  north  Atlantic  (see  p.  1 29), 

or  the  Actuiozoa,  Professor  Greene  says,  "  The  tertiary  foimationB 
are  abun<lantly  supplied  with  Corals,  chiefly  belonging  to  the  Zoantharia 
Approsa  and  Z.  Perforata,  Tlie  Z.  Tabulata  are  represented  by  a  single 
genus." 

Of  Polyzoa  no  new  genus  seems  to  have  first  come  into  existence 
during  this  jKiriod,  so  far  as  the  Biitish  area  is  concerned,  if  we  may 
take  the  last  edition  of  Monis'  Catalogue  for  our  guide. 

Of  Brachiopoda,  no  true  generic  group  has  originated  since  the 
Cretaceous  Peiiod,  and  the  greater  number  of  the  known  genera  date 
from  the  Palteozoic  epoch.  The  individuals,  as  well  as  the  species 
and  genera,  are  very  rare  in  tertiary  rocks,  compared  with  those  of  the 
precetling  einjchs. 

Tlie  Conchifera  tuid  Gasteropoda  now  become  generically  almoBi 
identical  with  those  of  the  present  time,  comparatively  few  of  our 
present  genera  not  having  been  in  existence  in  the  Eocene  Period. 

The  same  may  be  said  of  the  Ccphalopodous  sheUs,  which  in  the 
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Extinction  op  Life  at  the  Globe  op  this  Period. — ^The  only 
generic  forms  mentioned  in  Morris's  catalogue  as  dating  from  a  pre- 
Tertiary  Period,  and  surviving  into  the  Eocene  and  then  becoming 
extinct,  are  the  following  : — 

Plants,  Flabellaria,  Lycopodites. 
Fwaminiftra,  Frondicularia,  Marginulina. 

Fish^  Coclorhyncus,  Or. ;  Edaphodon,  Cr. ;  Gjrrodus,    0. ;  Hypsodon, 
Cr.  ;  Notidanus,  Cr. 
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E«>oen(^  betU  than  these,  Rinc«  the  fossil  opossom,  Didelphys  Colchesteri, 
antl  tlie  fossil  monkey,  Macacus  Eoceenus,  were  fotuid  in  the  London 
Teiliaries.  Oven's  genus  Coryphodon,  a  tapir-like  animal,  which 
must  have  been  t\\ice  as  large  as  the  American  tapir,  also  lived  dining 
the  t'^rlier  part  of  the  period.  A  skeleton  fomid  near  Soissons  in 
France,  was  said  to  have  l^een  nearly  as  big  as  a  bulL — {OwetCt  PaLj 
p.  325.)  Tlie  Hyracotherium  and  PUolophos  (ih,)  were  lesser  animals, 
with  some  characters  more  nearly  approaching  the  hog  tribe,  while 
others  resembhi  those  of  the  horse,  hyrax,  and  anoplothere. 

The  following  abstract  of  Owen's  notes  to  the  third  edition  of  Buck- 
land's  Bridgewater  Treatise,  will  give  the  best  general  notion  of  some 
of  the  animals  of  a  Liter  i)art  of  the  period. 

PahvotJienum. — The  place  of  the  genus  Palffiotherium  is  between 
the  rhinocer(^s,  the  horse,  and  the  tapir.  Eleven  or  twelve  species 
have  ali-eady  been  discoveretl,  some  as  laige  as  a  rhinoceros,  others 
varying  fi-om  the  size  of  a  horse  to  that  of  a  hog. 

Aiuc^plotherium. —  The  j)lace  of  this  genus  stands  in  one  respect 
between  the  rhinoceros  and  the  horse  ;  and  in  another,  between  the 
hippopotamus,  the  hog,  and  the  camel.  Five  species  have  been  found 
near  Paris,  varvinp'  from  the  size  of  an  ass  to  that  of  a  hare.  The 
Lirgest  had  a  thick  tail  equal  in  length  to  its  body,  like  that  of  an  otter, 
probably  inten<led  to  assist  it  in  swimming. 

Lophimhm  allied  most  nearly  to  the  tapir  and  rhinoceros,  and  con- 
nected closely  with  the  two  preceding.  Fifteen  species  have  been 
ascertained. 

Ant/iracothernim,  so  calknl  because  first  found  in  the  lignite  of  Cadi- 
bona  in  Liguria,  had  seven  species — some  of  them  like  a  hog  in  size, 
others  as  large  as  a  hij^popotamus. 

Chivropotamns  was  allied  to  the  hogs,  in  some  respects  approaching 
the  Babiroussa,  and  forming  a  link  between  the  Anoplotherium  and  the 
Peccary. 

Adapts  seems  to  have  formed  a  link  between  the  Pachydermata  and 
the  Insectivorous  Camivora  ;  it  was  like  a  hedgehog  in  form,  but  three 
times  its  size. — (Owen  in  Buch.  Bridge,  Treat,) 

The  genera  Dichodon,  Dichobune,  Xiphodon,  Microtherium,  etc, 
were  smaller  and  more  delicate  animals,  allied  to  those  above  men- 
tioned, but  having  some  affinity  to  the  Chevrotains  of  the  East 

Contemporary  with  these  animals  that  seem  to  have  been  adapted 
for  a  life  in  the  marshy  grounds  on  the  borders  of  lakes,  were  several 
carnivorous  animals,  to  whom  they  served  for  food.  Of  these,  the 
Hyoenodon  is  an  example,  an  animal  of  the  size  of  a  leopard,  one  of 
those  which,  to  judge  from  the  character  of  their  flesh-cutting  teeth,  were 
more  fell  and  deadly  than  the  modem  wolves  or  tigers. — (Otpen^t  PdLy 
p.  330.) 
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Extinction  op  Life  at  the  Close  op  this  Period. — The  only 
generic  forms  mentioned  in  Morris's  catalogue  as  dating  from  a  pre- 
Tertiary  Period,  and  surviving  into  the  Eocene  and  then  becoming 
extinct,  are  the  following  : — 

Plants,  Flabellaria,  Lycopodites. 
Foraminifera,  Frondicularia,  Marginulina. 

Fish,  CoclorhjTicus,  Cr. ;  Edaphodon,  Cr. ;  Gyrodus,    0. ;  Hypsodon, 
Cr.  ;  Notidanus,  Cr. 


CHAPTER  XXXVL 


THE  MEIOCENE  PERIOD. 


Tlie  proportion  of  living  to  extinct  species  is  taken  at  about  26  per 
cent.  If  wo  include  the  Hempstead  series  in  the  deposits  of  the  Eocene 
period,  we  have  no  stratified  rocks  in  the  British  Ishmds  representative 
of  the  forinatioiLs  of  the  Miocene  period,  unless  it  be  the  "aah**  beds 
and  li^Miites  associated  with  the  basalts  of  the  north  of  Ireland  and 
west  of  Scothmd. 

The  Duke  of  Argyle  has  described  (in  Qr,  J.  OtoL  Soc.,  voL  viL)  the 
interstratified  tr;i])R,  aifhes  and  leaf  beds  to  be  seen  in  the  island  of  Mull, 
one  of  tlie  Helnideii,  of  which  the  islet  of  Staflfa  is  a  dependency.  The 
headland  of  Ar«Uun  exhiljits  the  foUoNring  section  of  these  deposits : — 

Pect. 
40 


11                                  MiUXAlb 

7.  First  leaf  bed 

2 

(\.  First  asli  bed 

20 

5.  Second  leaf  l)ed 

2 

4.  Secon<l  ash  bed 

7 

3.  Third  leaf  bed 

n 

'2.  Amorphous  basalt 

48 

1.  Colunuiar  basalt  (to 

low  tide  level) 

10 

131 

The  Ash  beds  are  described  as  resembling  the  tuffs  of  Mont  Dor, 
Vesuvius,  and  Madeira  ;  the  leaf  beds  as  baked  day,  or  very  fine  mud 
containing  impressions  of  leaves,  and  sometimes  consisting  of  a  mere  mass 
of  compressed  leaves  still  retaining  the  "  damp  obscure  colours  of  vege- 
taljle  decay."  A  seam  of  coal  was  found  in  one  place  immediately 
under  a  sheet  of  basalt,  and  this  is  believed  to  be  the  extension  of  one 
of  these  leaf  beds.  E^uiseta  stems  are  mentioned  as  well  as  the  leaves, 
and  the  whole  deposits  are  conjectured  to  have  been  fonned  in  a  shallow 
lake  or  mai-sh  over  which  the  igneous  rocks  have  been  ejected. 

A  congh)merate  of  burnt  red  and  yellow  Chalk  flints  is  mentioned 
as  associated  in  one  place  with  the  first  ash  bed  (No.  6.) 
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The  leaves  were  ezanuDed  by  Profeseor  Edwaid  Forbes,  who  says 
of  tlieiii ; — "  The  gener&l  aMembkge  of  leaves  is  decidedly  Tertiary,  and 
most  prububly  of  that  iitage  of  TertiaTy  termed  Meiocene.  Their 
cliiuatul  aspect  ia  uore  mid-European  than  that  of  uur  Euceue  flora. 
There  is  a  Btriking  reseiublaiice  between  soBie  of  them  and  fossils  from 
Styria  and  Croatia." 


Foull  luvM  rnmi  [aland  of  MbU. 


Bcsidei)  the  genem  mentioned  above,  Forbes  referred  others  U> 
Taxitcs  )  Platanites,  and  E(]iiisetmn. 

Tlie  generul  reaemblanco  between  these  deposits  and  those  of 
Antrim  is  noted  by  the  Duke  of  Argyle,  who  quotes  fnini  Mr.  J. 
Naiuiiythun  account  of  the  cliRsnear  the  Giant's  Causeway,  to  the  general 
BCcumcy  of  which  recent  observation  enables  mc  to  bear  testimony. 
Over  the  Chalk  in  that  district  there  is  a  thickness  of  nearly  GOO 
feet  of  beds  of  intentntified  basalt  oud  ash.     Some  of  the  busoltio  beds 
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are  rt'gnlarly  columnar  with  cup  and  ball  articulations,  others,  like 
starch,  im^guhirly  columnar  without  articulations,  some  amorphooB,  and 
of  these  uiany  are  a  green  amygilaloidal  rock  full  of  cavities  and  veins 
ol*  zt;olite.<,  many  of  which  are  fonned  in  the  joints  of  the  rock,  and  are 
thus  uf  olniously  8ul)sequeiit  origin  to  the  rock  itself. 

One  or  two  of  the  ash  beds  are  very  regular,  and  persistent  for  a 
long  tlistmice,  and  well  seen  in  consecjUence  of  their  being  of  lighter 
and  brighter  colours  than  the  other  rocks.  They  contain  nodular 
conci-etion8  (jf  ivd  i>i55(jlitic  oxide  of  iron,  from  which  they  are  often 
s]Kjk<'n  of  fis  red  ochre  beih*. 

Near  the  sununit  of  the  cliff  over  the  Giant*s  Causeway,  beneath  a 
wall  of  rudely  cxjlunmar  biusidt  50  feet  high,  is  a  little  rather  inegolar 
seam  of  gi-ay  tire-clay,  and  in  that  or  over  it  is  an  irregular  band  of 
coal  or  lignite,  of  which  I  only  succeeded  in  digging  out  some  broken 
fmgments  that  had  no  appeanmce  of  structure,  but  which  Mr.  Nasmyth 
Siiys  tfonietimes  shews  the  fibres  of  dicotyledonous  wood  like  recent 
charcoal.  The  guide  assured  mc  tliat  the  country  people  sometimes 
found  whole  tn^es  in  this  bed.  Similar  beds  of  lignite,  but  of  greater 
extent,  are,  I  l)elieve,  found  near  Ballymena,  and  in  other  parts  of 
county  Antrim. 

Dr.  Bei-ger  in  3d  vol.  Geol.  Trans,,  Ist  series,  says,  that  the  moximimi 
thickness  of  the  Autiim  basidtic  formation  is  900  feet,  that  its  average 
thickness  may  be  taken  as  545  feet,  and  its  extent  at  800  square  nules. 
From  Sir  R  Qriffith's  map  its  area  would  appear  to  be  at  least  1200 
s<inare  miles,  as  it  occupies  a  quadrangular  8|)ace  48  miles  long  from 
north  to  south,  and  28  miles  wide  from  east  to  west 

In  iig.  122  we  have  a  diagranunatic  section  through  Cave  Hill 
and  across  the  valley  of  Belfast.  In  this  section  the  Basaltic  formation 
is  seen  resting  on  the  Cretaceous  beds.  Just  at  the  base  of  the  basalt  ia 
a  little  bed  of  brown  clay,  full  of  chalk  flints  burnt  red  or.  yellow.  This 
ajipears  to  have  been  the  muddy  dei^sit  derived  from  the  waste  of 
the  Chalk,  and  most  probably  to  have  fonned  the  sea-bottom  on  which 
the  iii*st  outpourings  of  igneous  matter  were  deposited.  I  did  not 
succeed  in  discovering  any  orgiuiic  remains  in  it,  but  should  hope  that 
some  may  eventually  be  found,  and  also  that  leaves  or  other  fossils  may 
be  found  in  some  of  the  ash-beds  or  other  parts  of  the  formation. 
Tliis  clay  is  well  seen  also  at  Rillycostie,  and  doubtless  occurs  in 
other  places.  Some  of  the  clay  beds  near  the  Giant's  Causeway  might 
amtain  fossils. 

The  dykes  represented  in  fig.  122  are  excessively  numerous  in  the 
countrj'  about  the  basalt,  both  on  the  north  coast  and  near  Belfast,  and 
l)robably  in  other  parts.  On  the  shores  of  Belfast  Lough  they  fonn 
straight  causeways,  standing  up  as  vertical  walls,  several  feet  hig^ 
exactly  as  if  they  were  artificial  quays.     The  slopes  of  the  Cave  Hill 
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are  traversed  by  dykes,  some  of  which  can  be  traced  up  from  the 
coast  and  seen  in  the  Chalk  quarries,  cutting  in  black  vertical  seams 
through  the  white  limestone  in  a  most  picturesque  manner.  These 
dykes  are  probably  in  many  cases  the  feeders  from  which  some  of 
the  basaltic  beds  above  may  have  boiled  over  while  the  rock  was 
molten,  though  in  other  cases  they  may  not  perhaps  have  succeeded  in 
reaching  the  surface. 


CAVCHILL 


NR.M 


liRS' 


Fig.  122. 

Diagrammatic  Section  across  BelfSut  Valley. 

Feet 

B.  Basalt,  some  columnar  beds,  some  amygdaloidal    -       •       -       up  to  900    Tertiar}*. 
Y.  Eroded  surface  of  chalk,  with  clay  full  of  flints  baked  by  basalt 

C.  Chalk  in  some  places  as  much  as  250 )  cretgc^us 

G.  Oreensand not  exceeding   25 ) 

L.  Lias  never  exceeding  30    Oolitic. 

N.  R.  M.  New  red  marls,  with  beds  of  rock  salt    ....    about  600 )  fj^na 

N.  R.  S.  New  Red  Sandstone about  600 ) 

e  b.    Carboniferous  rocks,  undulating  at  high  angles,  probably  with  small 

basins,  some  of  which  may  contain  beds  of  coaL    The  lower  beds  only 

visible  on  east  side  of  the  Lough. 
I.  s.  Lower  Silurian,  black  sUtes,  etc.,  dipping  at  high  angles  to  east,  away 

from  the  Carboniferous  rocks. 
d.  Dykes  of  basalt 

X  Clay  and  sOt,  with  bed  of  peat  below,  filling  up  head  of  Belfust  Lough. 

These  are  the  only  rockB  in  the  British  islands  that  can  be  even 
conjectured  to  belong  to  the  Meiocene  Period,  imless  we  adopt  the  con- 
tinental classification,  and  consider  the  gypseous  series  of  Montmartre 
the  uppermost  of  the  Eocene  beds,  in  which  case  wc  must  also  take  the 
equivalent  Bembridge  series  of  the  Isle  of  Wight  as  the  uppermost  of 
the  Eocene,  and  include  the  Hempstead  beds  and  their  equivalents 
among  the  Meiocene  deposits.  There  is,  it  appears,  a  paheontological 
reason  for  this  arrangement  on  the  Continent,  inasmuch  as  if  we  draw 
the  line  at  the  top  of  the  Montmartre  beds,  and  at  the  base  of  the 
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Cakaire  lacu^tri.'  supfiifiir  (or  Calcaire  de  la  Beauce),  certain  generic 
an<I  even  8]>eirific  fornix  of  Maniiiialia  are  kept  wholly  within  the  Meio- 
ceiie  ;:rr()Ui>s,  which  otherwise  wuuKl  be  made  Cf>mmon  to  the  Eocene 
and  Meiocene  ]>eri(Nls.  Tlie  ^Mtnera  Dorcatherium,  Cainotheriuniy  Anchi- 
therium,  and  Titaiioniys,  aiul  the  B])ecie8  Rhinoceros  inciaivns,  and 
others,  are  exanii>ks. — (M.  Lartet,  in  LyelVs  Supplements 

liflfjinm  and  Fmho. — Tlie  Limburg  beds,  the  RupeUen  of  Dumont, 
the  l>4)hU'r}mr;:  be<U,  the  Fahins  of  Toiiraine  and  Boordeaux,  the  Falunien 
siilK.'ri«.'iirof  D'Orbi»,'ny,  includinjx  the  princiiwl  part  of  the  lacustrine  Rtrata 
of  Aiiver^'ne  and  central  Fnince,  are  incliide<l  in  this  perioil  by  LyelL 
Associated  with  the  hitter  were  the  earliest  beils  of  lava  and  volcanic 
breccias  which  bejzan  now  to  be  ]x)iired  forth  in  the  diatiicta  of  Au- 
ver^'ni?"  and  Velay,  and  continueii  to  break  forth  at  intervals  to  later 
times. 

iiei-nuvnif  mal  i<int:t'rhtml. — ^Tlie  Mayence  basin,  the  principal  part 
of  the  Vienna  basin,  |mrt  of  the  Mohu^e  of  Switzerland,  containing  the 
*' Xa^'el-fhie,"  a  conj^'lomerate  6000  or  8000  feet  thick,  are  classed  as 
Meiocene. 

Nothing,'  is  more  calcuhited  to  strike  the  geolof^cal  traveller  on  his 
first  visit  to  Switzerland  than  the  vast  deposit  of  the  "  Molosse,*'  occu- 
pying the  central  region  between  the  Al^w  and  the  Jura.  This  is  the 
country  (»f  the  great  lakes,  extending  from  that  of  Geneva  to  that  of 
Constance.  The  level  of  those  two  lakes  is  from  1100  to  1225  feet 
above  the  sea,  that  of  the  Brienzer  Zee  is  nearly  1800,  the  other  lai^ 
lakes  being  of  intermediate  heights.  The  hills  by  wliich  these  lakes 
are  environed  have  all  the  rugged  and  broken  chiunctcr  of  mountains, 
and  rise  into  peaks  of  various  altitudes  u]>  to  that  of  6050  feet,  irhich 
is  the  height  of  the  Khigi  Kulm.  These  hills  which,  if  they  were  not 
overshadowed  by  the  still  loftier  Alps,  woidd  themselves  be  celebrated 
nunmtains,  an?  comj^oscd  from  top  to  bottom  of  beds  of  sand  and 
gravel,  occasionally  compacted  into  sandstone  and  conglomerate,  of  more 
recent  origin  than  the  newest  beds  of  the  Isle  of  Wight.  Their  thick- 
ness is  equal  to  that  of  one  of  our  Palaeozoic  groups,  the  conglomerate, 
called  Nagel-Hue,  forming  all  the  upper  i>art  of  the  Rhigi,  being  itself 
stated  at  6001)  feet  thick. 

Tlie  following  grou])s  of  beds  are  also  classed  as  Meiocene  by  Sir 
C.  Lyell. 

Itabf. — Part  of  the  beds  in  the  hill  of  Supeiga,  near  Turin. 

yorth  America, — Tlie  sands  of  Richmond,  and  the  James  River  in 
Virginia, 


'  The  ^n^at  volcanic  mountAins  of  the  Cantal,  and  that  of  the  Mont  Dor  in  kww^ait 
of  fur  earlier  date,  as  may  Im>  surmiHcd  fntm  the  worn  and  eroded  condition  of  their  flaaki, 
and  the  destniction  of  their  coutral  cftnes  and  craters,  when  compared  with  the  peiflect  ttate 
of  the  volcanoes  that  are  probably  of  Meiocene  age. 
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India. — The  Sewalik  formations,  which  compose  the  eaib-Himalajan 
range  of  hills. — {LydVa  Manual) 

Characteristic  Fossils, — I  shall  not  pretend  to  give  lists  of  these.  Sir 
C.  Lyell  says  that  the  fossils  of  the  "  faluns"  have  a  more  extra- 
European  facies  than  those,  of  the  Crag  presently  to  be  de8cril)ed. 
They  contain  seven  species  of  Cyi^nca,  some  larger  than  any  Mediter- 
ranean cowry,  and  several  species  of  the  genera  Oliva,  Ancillaria,  Mitra, 
Terebra,  Pyrula,  Fasciolaria,  and  Conus.  There  are  eight  Cones,  some 
very  large,  and  the  species  of  Nerita  are  more  like  those  of  the  tropics 
than  of  the  Mediterranean.  Out  of  290  species  of  shells  collected  by 
Sir  C.  Lyell  to  the  south  of  Tours,  72  only  could  be  identified  as  living 
species,  which  is  about  25  per  cent;  among  a  total  of  302  in  his  pos- 
session, 45  oidy  are  to  be  found  in  the  Suffolk  Crag,  or  15  per  cent; 
and  a  similar  small  per  centage  in  the  Actinozoa  and  Polyzoa.  If  we 
compared  the  fossUs  of  the  "  faluns "  with  those  of  living  British 
species,  we  should  doubtless  have  veiy  few  in  common,  the  living 
species  found  in  the  Faluns  being  to  be  sought  in  more  tropical  pro- 
vinces, whUe  those  of  the  Crag  have  a  more  northern  "  facies "  im- 
pressed upon  them.  Tlie  Faluns  have  a  few  terrestrial  species  of  shells, 
among  which  is  the  Helix  turonensis  and  remains  of  Mammalia  belong- 
ing to  the  genera  Deinotheriimi,  Mastodon,  Hippopotamus,  Choeropo- 
tamus,  Dichobune,  Deer,  and  others,  together  with  some  Cetaceans 
and  Phocidaj,  Lamantine,  Morse,  etc. — {LytUs  Manual^  p.  1 80,  etc.) 

The  very  remarkable  animal  Deinotherium  giganteum  is  character- 
istic of  the  Meiocene  beds  of  Europe,  while  another  species,  D.  Indicum, 
has  been  found  at  Perim  Island  in  the  Gulf  of  Cambay,  and  at  Attock 
in  the  Punjaub. 

In  the  Sewalik  Hills  of  India,  Dr.  Falconer  and  Colonel  Cautley 
found,  together  with  portions  of  Mastodon,  five  extinct  elephants  (three 
of  them,  Stegodon,  intermediate  bet\^'een  Elephas  and  Mastodon),  a 
Hexaprotodon  (extinct  liippopotamus),  a  Clialicotherium  and  extinct 
Giraffe,  a  Camel  and  large  Ostrich,  the  very  remarkable  genus  Siva- 
theriimi,  together  with  Camivora  and  Monkeys,  great  CroccKliles,  and  a 
Tortoise  {fidossochdys  atlas),  the  cur\'ed  shell  of  which  was  20  feet 
across.  Fifteen  species  of  fresh-water  shells  also  occur,  of  which  all 
but  four  are  extinct,  giving  a  percentage  of  about  25  :  100. — {LyelVs 
Su^^plement) 

In  North  America  are  many  shells  of  the  genera  Natica,  FissureUa, 
Artemis,  Lucina,  Chama,  Pectunculus  and  Pecten,  and  one,  Astarte  un- 
dulata,  very  like  the  A.  bipartita  of  the  Suffolk  Crag.  "Out  of  147 
of  these  American  fossils,  I  could  only  find  thirteen  8i>ecies  common  to 
Europe,  and  these  occur  jwrtly  in  the  Suffolk  Crag  and  partly  in  the 
Faluns  of  Touraine ;  but  it  is  an  important  characteristic  of  tlie 
American  group  that  it  not  only  contains  many  peculiar  extinct  forms. 
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Buch  as  Fusiis  (^luubicostatiis  and  Yeniis  tiidacnoideBy  abnndant  in  these 
Baine  foniiations,  but  al»o  Home  shells  which,  like  Fulgar  caiica  and 
caiiuliculatus,  Calyi)tnea  costata,  Venus  mercenaiia,  Modiola  glandiila, 
and  Pecten  niagellanicus,  arc  recent  species,  yet  of  fomiB  now  confined 
to  the  western  side  of  the  Atlantic — a  fact  implying  that  acme  traces  of 
the  be;j^inning  of  the  prcsjeut  geographical  distiibntion  of  Molloaca  date 
1)uok  to  a  perioil  as  rcnLote  as  tliat  of  the  Meiocene  strata."— —(/^fe^Tf 
Mf final,  p.  182.) 

Tlie  Tertiary  1x;ds  of  Malta,  which  may  be  of  Meiocene  age,  contain 
among  many  others  the  following  fossils  : — 

Foramtnifera,  Leuticulites  complanatus. 

Bracfiiopoda,  Terebmtula  anii)iilla. 

Conchlfera,  OMnea  Virleti,  Ostnea  Bablayei,  Pecten  Brudigalenais. 

OasterojKKia,  Sailaria  Duciei,  Scalaria  retusa. 

Crphalopodn,  Nautilus  ziczac  ?  ? 

Ecliiaodf'rinata,    Clypeaster    altus,     Schizaster     Parkinsoni,     ScuteUa 

subrotunda. 
Fish,  Carchiirodon  megalodon,  HemipristiB  serza,  QzyrhiDa  xiphodon. 
Mammalia,  Delphinus,  Halitherium. 

Life  of  the  Period. 

Sjiace  forbids  the  discussion  of  this  subject  at  any  length.  I  shall 
therefore  amfine  myself  to  a  few  notes  on  some  of  the  Mammalia- 
derived  chietiv  from  l^fessor  Owen  and  Dr.  Falconer. 

Two  Monkeys,  Pliopithecus  antiquus  and  Diyopithecus  Fontani, 
luivu  heen  detect^jd  in  Ijeds  believed  to  be  Meiocene. 

The  Proboscidean  animals  came  into  existence ;  being  now  lepre- 
sented,  as  shewn  by  Dr.  Falconer  {Q,  J,  OeoL  Soc^  voL  xiiL),  in  their 
three  great  divisions,  Dinotherium,  Mastodon,  and  Elephas. 

The  Dinoiherium  seems  to  have  been  something  like  an  aquatic 
elephiuit,  with  some  alKnity  to  the  Tapir  in  his  teeth  ;  his  tusks  growing 
with  a  do\\'nward  curve  from  Ids  loicer  jaw,  as  if  for  the  purpose  of 
grubbing  up  water  plants  (see  fig.  in  BuctlaneTs  Bridgewater  Treati9e\ 

Tlie  Mastodons  were  like  Elephants,  but  were  of  a  more  omniTorons 
chamcter,  as  shewn  by  their  rough  mammillated  teeth,  from  which 
they  derive  their  name.  Falconer  divides  them  into  those  whose 
central*  teeth  were  crowned  with  three  transverse  ridges  OTiilopho- 
don),  and  those  with  four  (Tetralophodon).  He  mentions  four  li^o- 
cene  si)ecies  in  Europe,  of  which  M.  (Trilophodon)  anguatidenst  is  the 

'  That  iH  the  hutt  of  their  milk  molars  and  the  two  fint  of  their  true  molan. 

t  Other  Mastodous,  both  from  other  countries  and  fh>m  later  formattona,  have  been  pre- 
\'iuu8ly  referred  to  tlds  species,  hat  Dr.  Falconer  shewa  that  thia  has  been  done  by  mlitake, 
and  that  the  true  M.  angusUdens  is  only  Meiocene  and  European. 
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best  known,  and  three  in  India,  of  which  M.  (Tetialophodon)  latidenF 
is  one. 

He  subdivides  the  genus  Elephas  into  three  sub-genera,  according 
to  the  structure  of  their  teeth — ^viz.,  Stegodon,  intermediate  between 
Mastodon  and  Elephas,  the  group  being  now  wholly  extinct ;  Loxodon, 
of  which  the  African  elephant  is  a  species  ;  and  Euelephas,*  of  which 
the  Asiatic  elephant  is  one.  None  of  these  appear  to  have  lived  during 
the  Meiocene  period  in  Europe,  but  in  India  there  were  four  species 
of  Stegodon,  which  are  all  the  species  known,  and  one  of  Loxodon, 
and  o)ie  of  Euelephas. 

Of  the  Cetacean  order,  Owen  describes  the  carnivorous  whale 
Zeuglodon,  of  which  some  specimens  have  been  brought  from  ^lalta, 
and  the  entire  skeleton,  70  feet  long,  found  in  Alabama.  The  Sirenia 
also  were  represented  by  a  kind  of  Dugong  called  Halitherium. 

The  Edentata  were  also  represented  in  Europe  by  a  form  inter- 
mediate between  the  Asiatic  Manis  and  African  Orycteropus.  It  is 
called  ^lacrotherium  from  its  great  size,  which  Cuvicr  at  one  time  be- 
lieved must  have  reached  a  length  of  24  feet 

The  Deer  tribe  (CervidsD)  seem  to  date  their  existence  from  the 
Meiocene  period. 

Contemporaneous  with  these  animals  were  Camivora,  such  as  the 
Amphicyon,  a  forerunner  of  the  Plantigrade  family,  and  the  Machairodus 
(or  sabre  tooth),  first  found  in  the  Meiocene  beds  of  Auvergne  and 
Epplesheim.  Some  species  were  as  large  as  a  lion,  others  of  the  size 
of  a  leopard,  and  their  teeth  shews  them  to  have  been  as  powerful 
and  ferocious  as  those  of  our  own  time. 

Of  other  animals,  Owen  says  : — "  Our  knowledge  of  the  progression 
of  Mammalian  life  during  the  Meiocene  period  teaches  us  that  one  or 
two  of  the  generic  forms  most  frequent  in  thft  older  tertiary  strata  still 
lingered  on  the  earth,  but  that  the  rest  of  the  Eocene  mammalia  had 
been  superseded  by  new  forms,  some  of  which  present  characters  inter- 
mediate between  those  of  Eocene  and  those  of  Pleiocene  genera.  The 
Diiwtherium  and  narrow-toothed  Mantodon,  for  example,  diminish  the 
interval  between  the  Lophiodon  and  the  Elephant;  the  Anthracotherium 
and  Hipjiohifiu  that  between  Chceropotamus  and  Hippopotamus;  the 
Acerotheriiim  was  a  link  connecting  Palceotherium  with  Rhinoceros  ;  the 
Hippotherium  linked  on  Paloplotherium  with  Eguusy — {Owen*s  Pal,, 
p.  343.) 

Dr.  Falconer  points  out  that  the  Mastodon  ang^istidens  is  associated 

*  In  stegodon  a  vertical  longitudinal  section  of  the  tooth  would  show  the  thick  trans- 
verse plates  of  enamel  arranged  like  gables,  with  the  space  between  each  gable  iMirtly  filled 
with  dentine.  In  Loxodon  the  horizontal  section  of  the  tooth,  or  its  natural  surfkce,  »hew8 
the  plates  of  enamel  dlapoaed  in  losenge-like  forms,  while  in  Bnelephas  these  are  narrow 
trauBverse  plates  with  partUel  sldea. 

2f2 
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with  peculiar  species  of  8ome  of  the  above-named  Meiocene  genera,  and 
otht'i's,  such  as  Mastodon  toju'roidfSy  Chalicotherium  Ooldfussiij  Anchi' 
thvriam  Aurdtanense,  Rhiiwce.ros  Sunsaiiienaef  and  several  others,  at 
three  well  marked  localitie.^)  namely,  in  the  Folimian  deposits  of 
Timniiue,  in  the  up])er  fretih-water  Molaase  of  Switzerland,  and  in  the 
j^aiids  of  Epplesheiiii. 

Tlie  pecidiar  assemblage  of  species  in  these  cases  shews  that  the 
aniiuals  were  coutem}>oraries  during  the  Meiocene  period,  and  that 
their  iviuains  may  l>e  taken  as  characteristic  Meiocene  fossils.  If  that 
be  taken  as  granted,  it  would  seem  that  the  superficial  and  recent  look- 
ing torreutiul  dejKisits,  described  by  M.  Qaudry  as  being  found  in  the 
Pikcrmi  valh^y,  at  the  foot  of  Pentelicus,  four  hours  north-east  of  Athene, 
must  be  of  Meiocene  age,  since  they  contain  numerous  bones  of  the 
above-mentioned  animals  and  others,  such  as  Helladotheiiuin,  Metaictos, 
and  Tlialassictis. — {UArclu'ac,  Comptea  rendus^  Nov,  11,  1861). 

In  spiNiking  of  many  of  the  extinct  genera  and  species  of  jtnimjfcln 
as  f<»i-ming  links  between  our  existing  forms,  we  must  never  forget  that 
the  living  forms  are  not  the  types,  but  the  variations  from  the  typea. 
Mr.  Woodward,  in  his  Manual  of  the  MoUusca,  well  observes  that  "  a 
thvec-tot'd  horse  (Hip^wthcrium)  would  now  be  looked  on  as  a  Iu9um 
nut  am:,  but  in  truth  the  ordinary  horse  is  far  more  wonderfuL"  We 
are  apt  to  assume  that  the  forms  with  which  we  are  most  fAmiliftT  aie 
the  most  sim])Ie  and  natural,  but  the  scientific  naturalist  often  finds 
srime  extinct  foim  iis  the  simple  archetype  from  which  numerous  others 
havt?  departed  more  and  more  by  variation  and  combination  of  parts  in 
subsecpicnt  periods.  Hence  we  often  have  to  speak  of  extinct  ftnitn^la 
as  holding  an  intennediatc  place  between  some  existing  forms. 
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Op  tliis  period  we  again  have  representatives,  though  small  ones,  in  the 
British  Islands.  On  examining  Professor  Ramsay's  Geological  Map  of 
England  and  Wales,  it  will  be  seen  that  the  chocolate  colour,  nnm- 
bered  22,  representing  the  Lower  Eocenes,  is  covered  in  the  Hampshire 
basin  by  lighter  tints,  numbered  23  and  24,  representing  the  Middle 
and  Upper  Eocenes.  Patches  of  the  Middle  Eocene  colour  occur  also  to 
the  west  of  London  ;  but  on  tracing  the  dark  colour  north-eastwards 
into  Suffolk,  it  is  covered  by  a  deposit,  denoted  by  a  different  tint,  and 
numbered  25.  This  deposit  not  only  lies  on  these  Lower  Eocene  beds, 
but  overlaps  and  stretches  beyond  their  termination  on  to  the  Chalk  of 
Norfolk.  These  uppermost  beds  consist  of  an  assemblage  of  sands  and 
gravels,  which  are  locally  termed  Crag,  and  they  have  lately  been  divided 
into  three  groups,  on  account  of  the  different  assemblages  of  organic 
remains  which  they  contain.  Two  of  these  may  be  assigned,  without 
doubt,  to  the  Pleiocene  period,  as  containing  a  plurality  of  recent  species, 
tliough  still  mingled  with  a  large  minority  of  extinct  forms. 

Typical  Groups  op  Rock. 
Britain, — ^The  two  Pleiocene  groups  are  the  following  : — 

Fe«t 

2.  Red  Crag 50 

1.  Coralline  Crag 40 

1.  The  Coralline'I^  Crag  is  composed  chiefly  of  soft  marly  sands 
of  a  white  colour,  sometimes  speckled  with  green,  containing  occasionally 
thin  bands  of  flaggy  limestone.  It  is  generally  about  20  feet,  but  some- 
times as  much  as  50  feet  in  thickness.  Near  Ipswich  it  has  been  de> 
nuded,  and  the  Red  Crag  is  seen  to  lie  in  the  hollows  that  have  been 
eroded  in  it,  which  is  the  only  direct  evidence  of  the  superposition  of 
the  Red  Crag  on  the  Coralline  ;  otherwise  they  lie  side  by  side,  the 

"  It  appean  that  thlB  term  CoralUne,  although  now  settled  by  usage,  was  in  reality  a 
mistake,  inasmuch  as  true  Corals  are  rare  in  the  Crag,  and  the  coral-like  Ixxlics  found 
abundantly  in  the  "  Coralline/'  but  not  entirely  absent  ttom  the  "  Red"  Czag,  are  not  in 
reality  Adinotoa  butPdlyMCL— <PaIcKm<Qg.  Soc,  Bdwanli  and  Haime). 
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Corallino  Crng  bein^  confmal  to  a  Htrip  of  countiy  twenty  milea  long  1^ 
thtee  or  four  nide,  »tretcluug  through  Ipswich  from  tlie  Stonr  rirer  t< 
thf  AlJi-  riviT. 

2.  The  Red  Crao  consixta  of  beila  of  red  qnarttoae  Mnde  uid 
l^vfl,  with  occuiuidationa  nf  rolled  ehelb.  It  is  very  Tariable  in  cha- 
ruuter,  Hometiiuttx  n-gulnrly  Rtnttified,  Bometinies  more  confused. 

Uoth  gruiip^  TvAL'Uibk  tlieilepomts  which  we  may  now  suppoaeto  Ik 
taking  ]ilao(!  in  tlie  eliallow  hcil  of  the  Qcmuut  Ocean. 

Vharactcrittic  FouiU  of  the  Coralline  Crag, 
Foramimfem. 


Oi>erc\Uina  coraplanatii. 


Flahellum  Woodii 
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Polyzoa. 
Cellepora  cellulosa 
Theonoa  globosa 

Brachiopoda, 
Terebratula  grandis  (and  Red  Cr.)     . 

Coiichiftra, 

Astarte  Omalii  (and  Red  Cr.) 
Cardita  senilis  (and  Red  Cr.) 
Coralliophaga  cyprinoidea 
Cyprina  rustica 

Ostrsea  princeps  (and  Red  Cr.)  . 
Pecten  Gerardi 

Oasteropoda 
Bullna  sculpta 
Cassidaria  bicatenata 
Voluta  Lamberti 

Echinod^rmata, 

Comatula  Brownii  .... 
Echinus  Woodwardii 
Temnechinns  excavatns    . 


Busk's  Crag.  Pol.* 
Ibid, 


Foss.  gr.  46,  c. 

Foss.  gr.  46,  d. 
Foss.  gr.  46,  e. 
Wood,  Crag  Mol.t 
Tab.  View. 
Wood,  Crag  Mol. 
Tab.  View. 

Wood,  Crag  Mol. 
Tab.  View. 
Foss.  gr.  46,  /. 

Forbes,  Ter.  Ech. 
Foss.  gr.  46,  a. 
Foss.  gr.  46,  h. 


Characteristic  Fossils  of  the  Red  Crag, 

Foraminifera, 
Polymorphina  communis  . 

Actinozoa, 

Balanopbyllia  calyculus    . 
Echinocyamus  pusillus 

Conchifera. 

Artemis  lentiformis 
Astarte  obliquieita     . 
Cardiimi  angustatum    ; 
Mactra  constricta 
Pecten  plebeius  • 
Pectunculus  variabilis 


(Living.) 

Foss.  gr.  47,  a. 
Foss.  gr.  47,  h. 


Tab.  View. 
Foss.  gr.  47,  c, 
Foss.  gr.  47,  d. 
Foss.  gr.  47,  c. 
Tab.  View. 
Tab.  View. 


Oasteropoda^ 

Columbella  sulcata Foss.  gr.  47,/. 

Cancellaria  costellifera      ....         Tab.  View. 

*  Buak'B  Polyioa  of  tlie  Crag,  PaL  8oc. 

t  The  MoHoMaortbe  Gimg,  by  Mr.  Saariei  Wood,  Ffel.  Soe. 
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t.  Daljinopliyllla  caljcuLiu. 
'j.  tj'bininriuuiu  |nuillua, 

J.  CoRlinm  knitnaUtQui 


L 


Balosnodun  cnuirgiuatus  (cor-bonca) 

Fulis  [)ardotdu9 

Uostddoii  Arvcmeosie  (uiiguatidi'iu) 

Thcic  arc  many  fossils 


Tib.  View. 
Owen,  Fobs.  Uam. 
Ibid. 

]  the  Conlliae  and  Bed  Crsf 
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some  of  which  lived  in  both  period 8,  but  others  may  possibly  have  been 
washed  as  fossils  from  the  Coralline  into  the  Red  Crag.  Tliere  arc  also 
fossils  common  to  the  two  Crags  and  to  more  recent  deposits,  and  it  is 
obviously  likely  that  the  still  existing  species  found  in  either  of  the 
Crags  will  also  be  found  in  any  or  all  subsequent  deposits,  either  in  the 
British  area  or  elsewhere,  according  to  their  subsequent  migrations. 

Of  the  living  species  that  are  found  in  the  Red  Crag  but  not  in  the 
Coralline  or  any  earlier  deposit,  it  is  noteworthy,  that  they  have  a 
rather  more  northern  character  than  the  fossils  of  the  Coralline  Crag 
have,  many  of  them  still  inhabiting  our  own  coasts.  Others,  however, 
with  many  of  the  living  species  of  the  Coralline  Crag,  are  now  only  to 
be  found  in  more  southern  seas. 

Antwerp. — Sir  C.  Lyell  {Manual^  p.  174)  describes  strata  around 
Antwerp)  and  on  the  banks  of  the  Scheldt  below  that  city,  containing 
200  species  of  shells,  of  which  two-thirds  are  the  same  as  those  of  the 
Crag  of  Suffolk.  More  than  haK  are  living  species,  principally  belong- 
ing to  the  Celtic,  though  some  are  Lusitanian  (Mediterranean)  species. 

Normandy, — ^The  same  authority  mentions  a  patch  of  Crag  near 
Valognes  in  Normandy,  and  at  other  places,  extending  to  a  little  south 
of  Carentan,  but  none  farther. 

Italy, — ^The  sub-Apennines,  or  low  hills  intervening  between  the 
Apennines  and  the  sea,  on  each  side  of  Italy,  are  made  of  Tertiary 
strata,  of  which  part  are  of  Miocene,  part  of  Pliocene,  and  part  of  a  still 
more  recent  period.  The  beds  of  Asti  and  Parma,  and  the  blue  marl 
of  Sienna,  which  near  Parma  is  2000  feet  thick,  over  which  are  yellow 
sands  and  conglomerates  formed  on  the  shallowing  of  the  sea,  belong  to 
this  period,  as  do  the  Tertiary  marine  beds  forming  the  base  of  the 
seven  hills  of  Rome. 

S,  Russia. — Sir  R  L  Murchison  and  M  de  Vemeuil  describe  lime- 
stone and  sands  rising  occasionally  to  the  height  of  several  hundred 
feet  above  the  sea  around  the  coasts  of  the  Caspian  and  Aral  seas,  and 
the  North-western  parts  of  the  Black  Sea,  as  belonging  to  this  period. 
They  call  them  the  Aralo-Caspian  fonuation.  The  fossils  are  partly 
fresh-water,  partly  marine. — {Otology  of  Russia,) 


Life  of  the  Pebiod. 

It  will  be  best  not  to  attempt  to  discuss  this  problem  with  respect 
to  this  period  only,  but  to  give  a  simmiary  of  what  is  known  of 
Pliocene  and  Pleistocene  life  at  the  close  of  the  next  chapter. 


CnAPTER   XXXVIII. 

PLEISTOCENE  PERIOD. 

Without  attempting  to  draw  any  very  nice  or  accurate  distiiKtie)& 
between  the  deiXMsita  of  this  and  the  preceding  period,  we  may  uit, 
as  a  rough  definition  of  the  Pleistocene  deposits,  ''  those  in  which  moR 
than  three-fourths  of  the  fossils  are  of  existing  specie*." 

Typical  Groups  of  Rock. 

Britain. — Xormch,  or  Jfammaf(ferous  Crag. — ^There  are  in  the 
neiphbuurhood  of  Norwich  certain  beds  of  sand  and  gravel  which  gt» 
by  the  name  of  Crag,  as  well  as  the  earlier  dci>08it8  described  in  the 
preci'dinj^  ihai)ter.  Tliey  contain  l)oth  fresh-n'ater  and  marine  «heUs 
and  the  boues  of  Mamnudia,  esiK.H:ially  those  of  £Ilephant<^,  and  a 
Mastndi.>n,  which,  acconling  to  Dr.  Falconer,  unite  it  closely  with  the 
Re<l  Crag.  ^lya  lata  and  Nucula  Cobboldice  {Tab.  Vie\t\  are  two  extinct 
shells  found  in  those  beds. 

lliijh  Led  Graceh, — In  the  south  of  England  the  higher  groundi 
aiv  coveix^l  by  a  deposit  of  sand  and  gravel,  consistiug  lai^ly  of  tolled 
chalk  Hints.  It  is  Ixilieved  tliat  this  deposit  was  spread  out  on  the 
surface  of  the  groimd  before  the  formaticm  of  the  present  vallevis 

No  fossils  have  been  fmmd  in  the  high  level  gravels,  ami  Mr. 
Godwin  Aust<;n  supposes  that  they  may  be  of  any  age  between  that 
of  the  upiwmiost  Eocene,"  and  the  Crag.  (See  his  |iaper  (hi  tht  ttr- 
tiary  dt-posUs  of  the  Sussej:  County  etc,  Q.  J.  OeoL  Soe.^  voL  xiiL  p. 
70.) 

Glacial  Deposits. — Drift,  Sort /urn  Drift  y  Boulders  and  Boufdrr 
Chvj  or  Till,  Erratic  Bhicks,  Limestone  Gravel  and  Eskers  of  Ireland^ 
Karnes  of  Scotland. — Over  the  lower  lands  of  Scotland  and  Ireland,  and 
the  northern  part  of  England,  as  far  south  as  Cambridge  and  Eesex, 
and  the  northern  margins  of  the  Tliames  volley,  there  are  superficial 
deposits  of  much  interest,  which  go  by  the  different  names  mentioned 
above. 

Drift  Oravels. — ^This  is  a  tenn  a  little  liable  to  mislead,  because 
some  of  the  superficial  gravels  of  the  Midland  Counties  of  "RnglAtu^  axe 
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the  slightly  inclined  outcrops  of  the  unconsolidated  conglomerates  of 
the  New  Red  Sandstone.  Others  again,  are  believed  to  be  gravels  of 
the  Cretaceous  or  other  periods. 

Bould^  Clay  or  TUL — This  deposit,  however,  is  not  at  all  likely  to 
be  confounded  with  any  other.  It  consists  of  a  mass  of  unstratified 
dark  chocolate  brown  clay,  or  sometimes  red  clay,  with  blocks  and 
boulders  of  stone  stuck  in  it  promiscuously,  the  whole  seeming  to  be 
the-result  of  an  irregular  pell-mell  hurrying  forward  and  deposition 
of  the  materials. 

Beds  of  sand  and  gravel,  however,  occur  in  it  here  and  there  con- 
taining shells.  Mr.  James  Smith,  of  Jordan  Hill,  mentions  some,  near 
Glasgow,  up  to  heights  of  more  than  500  feet  above  the  sea,  some  of 
the  shells  being  of  northern  or  arctic  species  {Q.J,  0,  S,,  vol.  xiL,  p.  386). 
Sea  shells  have  also  been  found  in  it  in  other  localities  in  England  and 
Wales,  and  some  belonging  to  this  deposit  were  found  by  the  late  Mr. 
Trimmer  on  Moel  Tiyfaen,  near  Bangor,  at  a  height  of  1400  feet  above 
the  sea. 

Professor  Ramsay  describes  the  drift  of  Caernarvonshire  as  stretching 
with  a  gentle  slope  up  the  valleys  of  the  mountains  of  Snowdonia,  even 
to  heights  of  2300  feet  (§.  J,  O,  S.y  vol.  viii.,  p.  372),  precisely  in  the 
same  way  that  similar  deposits  occur  in  the  mountain  valleys  of  Ireland. 

The  shells  found  in  these  glacial  deposits  are  mostly  living  species, 
but  some  of  them  now  live  only  on  the  coasts  of  Iceland,  Greenland, 
or  Spitzbergen,  while  others  are  such  as  are  found  on  the  northern 
coasts  of  our  own  islands. 

The  boulders  or  rounded  blocks  of  rock  are  usually  derived  from 
places  to  the  northward  of  the  spots  where  they  are  now  found,  and 
sometimes  very  far  to  the  northward.  Blocks  of  Scotch  rocks  are  found 
in  England.  Blocks  of  rock  readily  identifiable  with  those  exiflling  in 
situ  in  Cumberland  and  Westmoreland,  may  be  traced  in  enormous 
abundance  through  Lancashire,  Cheshire,  and  Shropshire,  gradually 
dying  away  in  Worcestershire  and  Gloucestershire,  They  may  be 
found  buried  in  the  Boulder  Clay,  as  far  as  that  extends,  and  also  loose, 
scattered  over  the  country,  on  the  hill  tops  or  in  the  valleys,  and 
spreading  high  up  on  to  the  flanks  of  the  Welsh  mountains  on  the  one 
hand,  and  on  to  the  flanks  of  the  Pennine  chain  that  runs  from  Derby- 
shire into  Scotland,  on  the  other.  Wasdale  Crag,  near  Shap,  is  formed 
of  a  very  peculiar  porphyritic  Granite  with  large  crystals  of  red 
feldsimr ;  and  blocks  of  this,  together  with  many  other  kinds  of  rock, 
have  been  carried  across  the  deep  vale  of  Eden  on  to  the  flxmks  of  the 
Pennine  chiin,  and  even  across  it,  especially  over  the  pass  of  Stane- 
moor,  which  is  1440  feet  above  the  sea,  but  is  right  opposite  Wasdale 
Crag.  Thence  they  have  been  distributed  over  the  lower  parts  of 
Durham,  and  down  the  vale  of  York,  to  the  east  coast  of  England. 

2g 
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Phillips  mentions  also  a  curious  conglomerate,  called  "  brockran,"  l3ring 
in  the  New  Ile<l  or  Pennian  rocks,  in  the  bottom  of  the  vale  of  Eden, 
blocks  of  which  have  also  been  lifted  up  and  carried  over  Stanemoor. 
^{PhiUips's  Manual,  p.  422.) 

Tlie  direction  in  which  the  blocks  of  rock  have  been  carried  is  not 
always  due  south,  although  the  prevailing  direction  \b  southerly.  They 
sonietinies  have  travelled  even  towards  the  north,  both  in  the  north 
and  centre  of  England.  Blocks  of  Cumberland  rocks  have  been  carried 
across  the  Solway  Frith  into  Scotland,  according  to  Professor  Sedgwick, 
and  I  have  seen  blocks  of  the  Chamwood  forest  rocks  in  LeicesterBhire, 
a  few  luilcB  to  the  north  of  the  forest,  although  they  are  not  so  laige, 
so  numerous,  or  so  far  travelled  as  those  which  may  be  found  to  the 
south  of  it. 

Ireland, — Tlie  centre  of  Ireland  is  chiefly  a  great  plain  of  Carboni- 
ferous lunestone,  partly  surrounded  by  several  groups  of  lofty  hills, 
composed  of  the  oldur  rocks,  which  rise  from  beneath  the  limestone. 
The  liills  to  the  south  of  this  plain  have  every  height,  up  to  3000 
feet  above  the  sea.  Other  hills,  rising  to  heights  of  800  and  1000 
feet,  ai*e  composed  of  Coal-measures  lying  on  the  limestone  ;  these  are 
surrounded  by  valk'ys  which  are  branches  of  the  limestone  plain.  The 
general  level  of  the  limestone  plain  is  from  100  to  300  feet  above  the 
sea,  only  a  few  isolated  hills  of  limestone  in  the  interior  of  the  country 
rising  to  as  much  as  500  or  600  feet. 

Tlie  low  country  is  hirgely  covered  by  a  widely  spread  mass  of 
Drift,  consisting  of  dark  sandy  clay,  with  pebbles  and  blocks,  and  occa^ 
sional  beds  of  sand  and  gravel,  sometimes  very  regularly  stratified.  The 
great  majority  of  the  pebbles  are  rounded  fragments  of  Carboniferous 
limestone,  whence  the  deposit  usually  goes  by  the  name  of  the  Lime- 
stone gravel. 

Tliis  deposit  rests  not  only  on  the  limestone,  but  sweeps  up  on  to 
the  flanks  of  all  the  hills,  both  those  which  are  made  of  the  Lower 
Palaeozoic  rocks  and  those  formed  of  the  Coal-measures.  In  each  case 
the  Limestone  gravel  becomes  largely  mingled  "with  the  detritus  of  the 
rocks  of  which  the  hills  arc  made,  and  sometimes  to  such  an  extent 
that  the  local  rocks  a<«sunie  a  decided  preponderance,  and  occasionally 
compose  almost  the  whole  of  the  deposit 

The  Limestone  gravel  is  found  in  considerable  abundance,  however, 
and  almost  entirely  composed  of  limestone  pebbles,  up  to  heights  of 
1200  feet  on  the  Granite  mountains  south  of  Dublin  (see  JExpkmatioH 
of  sheets  102  and  112,  Geol,  tSoc,  t/oi^r.,  and  paper  by  Mr.  Kelly  in 
J,  GeoL  Soc,  Duh.y  vol.  vi.)  In  the  lower  part  of  Glenismaule,  finmi 
which  the  river  Dodder  issues  on  to  the  plain,  and  also  on  the  shore  at 
Salthill,  near  KingstoTin,  and  at  other  places,  it  is  bound  into  a  firm 
conglomerate  by  veins  of  fibrous  arragonite. 
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The  Limestone  gravel  spreads  across  the  lower  part  of  the  Granite 
range,  and  runs  down  by  Bray  into  the  County  Wicklow,  where  it  is 
covered  by  beds  of  sand  and  marl  that  spread  through  Wicklow  and 
Wexford  over  all  the  low  grounds  between  the  mountains  and  the  sea 
coast.  In  the  recent  railway  cutting  near  Wicklow,  I  found  (in  1861) 
blocks  of  limestone,  a  foot  in  diameter,  in  clay  in  the  lower  part  of  the 
cutting.  This  day  formed  a  mass  forty  or  fifty  feet  thick,  with  sand 
over  it  and  on  each  side  of  it,  which  contained  layers  of  small  lime- 
stone pebbles,  and  also  broken  pieces  of  lignite.  The  sand  might 
possibly  be  of  subsequent  origin,  and  the  limestone  pebbles  derived 
from  the  clayey  Drift.  The  large  pebbles  of  the  beach,  however,  which 
now  fronts  the  shore  of  Wicklow  for  at  least  ten  miles  from  Greystones 
to  Wicklow  Harbour,  are  principally  of  dark  limestone,  and  seem  to  be 
now  continually  travelling  from  north  to  south  along  the  shore. 

Chalk  flints  and  pieces  of  hard  Antrim  chalk  are  found  in  the  Drift 
in  the  counties  of  Dublin  and  Wicklow  up  to  heights  of  one  or  two 
hundred  feet,  and  along  the  whole  eastern  and  southern  coast  of  Ireland, 
at  least  as  far  as  Ballycotton  Bay  on  the  coast  of  Cork. 

Fragments  of  sea  shells  are  found  in  the  Limestone  gravel  in  Glenie- 
maule,  near  Dublin,  and  also  in  the  Dargle  valley  and  in  the  valley 
west  of  the  Sugar  Loaf,  and  south  of  Enniskerry,  coimty  Wicklow,  up 
to  heights  of  600  or  600  feet,  but  they  have  not  yet  been  recorded 
from  any  greater  height 

They  are  found  in  greater  abundance  and  much  better  preservation 
in  the  sands  and  marls  which  overlie  (or  form  the  upper  part  of)  the 
Limestone  gravel  through  the  lower  parts  of  the  county  of  Wexford  (see 
Appendix  to  Edward  Forbes's  paper  on  Fauna  and  Flora  of  British 
hks,  Meins,  Oeolog.  Sur,,  vol.  L)  They  are  also  to  be  found  in  the 
gravels  of  the  more  central  parts  of  Ireland,  as  at  Ballymore  Eustace  in 
Kildare,  as  I  am  informed  by  Mr.  R  Callwell.  Like  the  shells  of  the 
drift  deposits  in  England,  they  are  almost  all  of  existing  8i)ecies,  gene- 
rally with  a  northern  or  Arctic  or  Boreal  facies.  But,  in  the  southern 
part  of  Wexford,  Colonel  Sir  H.  James  formerly  found  fragments  of 
shells  {Nucula  Colboldii^  Fusus  eontrarius,  Turritella  tncrassataj  and  a 
Mitra  allied  to  a  Spanish  species)  which  make  it  probable  that  the  limit 
of  the  northern  species  ran  thereabouts,  and  that  the  Boreal  province 
here  touched  on  the  Lusitanian  province  (so  to  speak)  of  the  Pleistocene 
period. 

A  widely  spread  mass  of  limestone  gravel,  probably  not  less  than 
100  to  150  feet  thick^  forms  the  gently  swelling  tract  known  as  the 
Curragh  of  Kildare. 

The  Coal-measure  hills  of  Castlecomer  coalfield  have  the  Limestone 
gravel  on  their  flanks,  and  also  isolated  patches  of  it  with  blocks  of 
limestone  of  a  foot  or  more  in  diameter  in  hollows  on  the  top  of  the 
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table  land  at  heights  of  as  much  as  700  and  even  1000  feet  above  the 
sea  (see  Explanations  of  sheets  128,  137,  and  146  of  Oeol,  Sur,  Ir^ 

Other  spaces  at  lower  levels  are  quite  free  from  any  Drift,  and  it  is 
<louLtful  iu  these  cases  whether  the  Drift  was  deposited  in  local  patdies 
or  whether  it  once  fonned  a  general  covering  to  the  country,  and  has 
since  heen  in  part  removed  by  denudation. 

Limestone  gravel,  often  with  large  blocks  which  are  picked  out  by 
the  farmers  and  burnt  for  lime,  is  found  high  up  on  the  northern  flanks 
of  all  the  liills  of  the  south  of  Ireland,  such  as  the  ICnockmcaldon,  the 
Galtees,  the  Slieve  Bloom,  the  Keeper  group,  and  the  Slieve  Bemagh, 
and  Slieve  Boughta  hills.  In  some  cases  the  blocks  are  very  large,  Mr. 
O'Kelly  mentions  one  of  25  ft.  x  15  ft.  X  6  on  the  Coal-measures  near 
Killenaule  {Ex^jhination  146).  Mr.  Wynne  gives  a  sketch  of  one 
21  ft.  X  9  ft.  X  7J  resting  on  Silurian  slate,  at  a  height  of  890  feet, 
ne4ir  Moneygall  {Explanation  135.)  Mr.  Du  Noyer  (in  Ea^jiHanation  184) 
^'ives  a  sketch  of  that  known  as  Cloghvoira,  near  Kenmare,  which  mea- 
sures 2  G  ft.  X  K)  ft.  X  15  ft.,  and  rests  upon  Old  Red  Swiilstone,  but 
may  be  derived  from  the  limestone  in  the  valley  below.  Others  are  to 
be  found  in  the  valley  under  Caherconreagh,  in  the  Dingle  promontory. 

In  a  recent  examination  of  Glenbarrow,  on  the  north  flank  of  the 
Slieve  Bloom  mountains,  with  Mr.  O'Kelly,  I  was  much  struck  with  the 
facts  to  be  obser\'e<l  respecting  the  Drift  These  hills  are  composed  of 
Lower  Silurian  rocks  covered  by  Old  Red  Sandstone,  and  they  slope 
gently  down  from  heights  of  about  1600  feet  to  the  limestone  plain 
that  stretches  as  far  as  the  horizon  around  them  to  the  west  and  north, 
and  is  only  terminated  towards  the  east  by  the  Coal-measure  hills  of  the 
Castlecomer  coalfield,  disUuit  about  ten  miles.  All  the  valleys  of  the 
Slieve  Bloom  seem  once  to  have  been  completely  filled  with  the  great 
Drift  deposit,  rising  with  a  gentle  slope  from  the  plain  up  nearly  to  the 
heads  of  the  valleys.  The  present  rivers  have  excavated  channels  for 
themselves  either  through  this  Drift,  or  between  it  and  the  solid  rock, 
leaving  the  gently  sloping  surface  of  the  Drift  often  most  distinctly 
marked  along  the  flanks  of  the  more  abruptly  rising  hills  on  each  side 
of  the  valleys.*  In  some  cases  the  lower  part  of  the  drift  is  composed 
of  the  Limestone  gravel,  which  is  however  very  clayey,  but  contains 
both  well  rounded  pebbles  and  subangular  blocks  of  limestone  in  great 
aV>und{mce.     Over  this  come  beds  of  fine  sand  and  gravel,  very  rcgo- 

Thi8  (iiipcarancc  is  gcneml  in  Ireland  in  all  the  mountain  valleys,  and  mAybeseen 
vftrj'  cbaratteristically  in  Glenismanle  and  the  adjacent  valleys  near  Dublin.  The  steeper 
bills,  an  they  descend  into  the  valloys,  arc  met  by  gently  sloping  plateaus  of  Drift,  foimfng 
inclined  planes  from  tbo  heads  of  the  valleys  towards  their  mouths,  these  inclined  planei 
seeming  once  to  have  stretched  continuously  across  the  valleys,  but  being  now  dee|^ 
trenched  by  the  ravines  at  the  bottom  of  which  the  present  brooks  run.  They  have  no 
analogy  with  moraines,  and  in  Glenisniaule  the  drift  contains  fhigments  of  sea-eheUi  nesr 
the  mouth  of  the  valley. 
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larly  stratified,  derived  apparently  from  the  local  rocks,  with  compara- 
tively little  limestone.  In  some  places  this  local  deposit  (which  may 
be  partly  of  atmospheric  origin  perhaps)  entirely  conceals  the  Limestone 
Drift  below,  except  where  the  brooks  cut  deeply  down  into  it. 

In  other  cases  the  lower  part  of  the  Drift  is  formed  of  the  local 
rockn,  and  the  Limestone  Drift  occurs  over  it.  One  long  escarpment 
of  Drift  in  Glenbarrow,  where  the  river  is  at  a  height  of  about  800 
feet  above  the  sea,  and  three  or  four  miles  from  the  limestone  plain, 
shewed  cliffs  of  Drift  120  feet  high,  all  regularly  stratified,  the  upper 
fifty  feet  consisting  of  coarse  Drift  with  limestone  boulders,  under- 
neath which  were  beds  about  20  feet  thick,  of  very  fine  laminated 
sand,  and  below  that  coarse  rubbly  Drift  of  sand  and  fragments,  with 
angular  blocks  of  Old  Red  Sandstone  three  feet  in  diameter.  The  rock 
below  the  Drift  was  Old  Red  Sandistone,  which  seemed  to  have  suffered 
considerable  erosion  and  local  decomposition  before  the  Limestone  Drift 
was  brought  into  the  valley.  The  escarpment  of  the  Drift  was  a  nearly 
vertical  cliff,  being  continually  undennined  by  the  river,  which  seemed 
to  have  cut  doiivn  along  the  sloping  surface  of  the  solid  rock  which 
formed  the  opposite  side  of  the  valley  deeper  and  deeper  into  the  Drift, 
and  to  be  now  working  slowly  to  clear  its  old  valley  of  this  recent 
deposit.  I  saw  limestone  blocks  both  in  the  Drift  and  loose  in  the 
river  bed  up  to  heights  of  1260  feet  in  this  glen  ;  and  Mr.  O'Kelly 
assured  me  that  he  found  small  pieces  of  limestone  and  fragments  of 
black  chert,  such  as  is  found  only  in  the  limestone,  even  on  the  tops  of 
the  hills,  above  the  level  of  any  other  Drift. 

Tlic  observed  facts  would  agree  well  with  the  supposition  that  the 
whole  country  had  been  once  covered  with  a  thick  deposit  of  Drift 
that  Hlo])ed  up  on  to  the  fiimks  of  the  hills  to  a  much  greater  height 
than  it  had  on  the  low  groimd,  and  to  a  still  greater  height,  perhaps, 
in  the  valleys,  which  would  catch  a  greater  quantity  of  it,  and  then 
that  as  the  country  rose  above  the  sea,  much  of  this  loose  superficial 
deposit  had  been  removed  from  the  outside  slopes  of  the  hills,  and  a 
good  deal  carried  away  from  the  plains,  especially  from  off  the  sum- 
mits of  the  lesser  outlying  eminences  that  rise  from  that  plain,  while 
the  part  that  had  filled  the  bottoms  of  the  valleys  was  chiefly  left  in 
them,  and  is  only  now  in  process  of  removal  by  the  brooks  that  began 
to  form  as  the  ground  rose  again  above  the  sea,  and  have  ever  since  ran 
down  these  valleys. 

That  these  deposits  were  formed  under  the  sea,  notwithstanding  the 
absence  of  sea  shells  from  the  greater  part  of  them,  and  especially  their 
upper  part,  I  cannot  have  the  slightest  doubt ;  since  it  is  impossible  to 
conceive  how  limestone  pebbles  and  boulders  can  have  been  carried  up 
into  the  hills  for  so  many  miles  and  for  so  many  vertical  feet  except  ])y 
water  transport.     Theae  conduaions  are  quite  in  accordance  with  those 
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of  Professor  Rameay  in  his  paper  on  the  Drift  of  North  Wales,  before 
quoted  {Qicart.  Jour.  OeoL  Soc.,  vol.  viii.) 

Boulders  of  the  Lehister  Granite. — The  Leinster  Qranite,  occupying  the 
po:*ition  already  described  at  p.  310,  sends  off  boulders  in  all  directions 
except  the  north,  but  chiefly  towards  the  south-east  In  the  Luggala 
Glen,  miming  partly  between  the  Granite  and  the  adjacent  rocks,  great 
blocks  of  Granite  are  perched  by  hundreds  on  the  rugged  cliffs  of  ACca 
schist  on  the  east  side  of  the  glen,  or  that  facing  the  Granite,  and  are 
strewed  over  all  the  country,  whether  on  the  hill  tops  or  in  the  vallers, 
between  the  Granite  and  the  sea.  The  largest  of  these  blocks  that  I 
ever  measured  was  an  angular  block  l)ing  in  a  field  a  little  below  Anna- 
golan  Bridge,  on  the  north  side  of  the  Vartry  river,  in  the  townland  of 
Bolepiass  Upper.  It  measured  27  feet  in  length,  about  16  in  width, 
and  rose  11  feet  out  of  the  ground.  Its  circumference  was  82  feet  It 
rested  on  the  Cambrian  slates  and  grits,  at  a  distance  of  about  six  miles 
from  the  nearest  Granite  in  situ,  and  on  ground  having  a  height  of  620 
feet  above  the  sea.  Between  this  block  and  the  Granite  hills  is  the  deep 
and  rugged  ravine  of  the  Anamoe  liver,  the  high  lidge  that  runs  down 
from  Douce  moimtain  on  the  east  of  that  ravine,  and  the  wide  flat  of  the 
Vartry  valley  below  Roundwood.  Many  other  cuboidol  and  angular 
blocks,  measuring  fifteen  or  twenty  feet  in  the  side,  may  be  found  on 
neighbouring  hills,  and  the  valleys  are  full  of  smaller  rounded  boulders. 
Blocks  of  Granite,  with  a  diameter  of  three  or  four  feet,  rest  on  the 
Cambrian  rocks  at  the  top  of  Bray  Head,  at  a  distance  of  five  miles 
from  the  nearest  Granite  in  situ,  and  separated  from  it  by  several  deep 
valleys  (see  fig.  108). 

Boulders  of  the  GaUrat/  Granite. — ^The  Granite  which  occupies, 
according  to  Sir  R.  Griffith's  ma]>,  so  large  a  portion  of  ground  on  the 
north  side  of  Galway  Bay,  is  easily  recognisable,  inasmuch  as  it  con- 
tains hornblende  instead  of  mica,  and  is  therefore  a  syenitic  Granite,  and 
has  large  crystals  of  pinkish  feldspar,  and  is  therefore  porphyritic. 
Blocks  of  it  may  be  found  scattered  over  all  the  country  to  the  south  of 
the  Bay,  through  Clare  and  Limerick  and  the  adjacent  counties,  as  far 
south  as  Mallow  in  the  county  Cork,  a  distance  of  about  a  hundred 
miles  in  a  straight  line.  Many  blocks  of  two  or  three  feet  in  diameter 
may  be  found  in  the  country  about  Nenagh,  and  on  both  flanks  of  the 
Slieve  Bloom  Hills,  up  to  heights  of  1000  feet  above  the  sea.  Mr. 
O'Kelly  met  with  one  at  a  height  of  more  than  1000  feet  about  six 
miles  N.W.  of  Mountrath,  from  which  a  large  piece  had  been  split  by 
wedges,  probably  to  make  gate  posts,  the  part  which  remained  meator- 
ing  10  ft.  +  5  ft+  3  ft 

The  Galway  Granite  boulders,  indeed,  are  numerous  as  far  as  the 
noilhem  slopes  of  the  Galtee  mountains,  but  do  not  seem  to  have  gone 
beyond  the  high  grounds  which  stretch  from  those  hills  towards  the 
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west,  nor,  so  for  as  I  am  aware,  are  they  found  in  the  neighbourhood  of 
Killamey. — (See  the  heading  "  Drifts  in  the  Exptanatwiis  of  the  sheets 
of  the  Map  of  the  O,  S,  Ireland) 

Mr.  O'Kelly  remarked  to  me  that  these  Granite  boulders  were 
chiefly  on  the  surface,  and  not  buried  in  the  Drift,  an  observation  that 
seems  to  me  correct,  and  one  that  will  apply  also  to  the  boulders  of 
the  Leinster  granite.  Some  blocks,  however,  are  found  buried  in  the 
Drift,  but  may  have  been  subsequently  dropped  into  it  while  it  was 
still  at  the  bottom  of  the  sea. 

The  Limestone  gravel  of  the  centre  of  Ireland  seems  also  to  have 
been  arrested  by  the  east  and  west  ranges  of  mountains  and  high  land 
that  stretch  across  the  south  of  Ireland  from  Watcrfonl  to  the  coast  of 
Kerry,  as  the  Drift  in  the  southern  valleys  among  these  high  lands 
and  in  the  lower  lands  to  the  south  of  them  seems  to  be  chiefly  of 
local  origin,  though  great  mounds  and  local  accumulations  of  it  arc  to 
be  found  in  some  places. 

KUlamey  Drift — Perhaps  the  largest  local  accumulation  of  Drift  in 
Ireland  is  that  which,  commencing  at  the  foot  of  the  hills  near  Mill 
Street  in  County  Cork,  completely  conceals  the  Carboniferous  limestone 
and  all  other  rocks  from  sight  for  a  distance  of  twenty  miles  up  to  the 
foot  of  Mangerton.  This  forms  a  great  plateau  of  coarse  rubbish,  con- 
sisting entirely  of  rocks  such  as  the  hills  to  the  south  and  west  of  it  are 
composed  oi»  It  seems  to  be  from  100  to  300  feet  thick,  and  sweeps 
up  on  to  the  flanks  of  the  hills  to  a  height  of  600  and  700  feet. 

This  Drift  ends  in  a  steep  slo|)e  or  escarpment  a  little  south  of  the 
Lower  lake  of  Killamey  (See  Mr.  Du  Noyer^s  sketch  in  Exjtlanatwii  of 
Sheet  173,  Maps  of  O,  8,  7.),  so  as  to  allow  of  the  reappearance  of  the 
limestone  from  beneath  it,  but  sets  on  again  below  the  lake,  and  buries 
all  the  rocks  from  view  along  the  foot  of  the  hills,  across  the  mouth 
of  the  Qap  of  Dtmloe,  and  thence  down  to  KiUorglin  and  Rossbeigh, 
another  space  of  ten  or  twelve  miles  long  by  four  or  five  in  width. 

The  hiUs  seem  to  have  formed  the  shore  of  part  of  the  old  Glacial 
Sea,  along  which  their  waste  was  depositeil  in  great  abundance,  little 
of  it  being  carried  off  by  the  currents.  During  the  subsequent  eleva- 
tion, the  hollow  of  the  Lower  Lake,  and  the  flat  land  immediately  on  its 
borders,  was  denuded  of  this  Drift,  probably  by  the  action  of  the  current, 
which  would  at  one  time  set  out  of  the  valley  of  the  Upper  Lake. 

The  North  of  Ireland  is  just  as  much  covered  with  Drift  and  with 
transported  boulders  as  the  south,  and  I  believe  that  the  same 
descriptions  will,  ^  mutatis  mutandis,"  apply  to  the  whole  country.  Sir 
R.  Griffith  has  stated  that  the  Granite  blocks  of  the  Ox  range  of  moun- 
tains in  Mayo  and  Sligo  are  carried  some  miles  to  the  north  as  well  as 
to  the  south.  Blocks  of  Granite  and  other  associated  rocks  are  found 
scattered  over  the  basaltic  plateau  of  Antrim  as  well  as  elsewhere. 
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Glacier  Smoothings  and  Graovuiffs,  and  Moraines, — ^The  rocks  of 
many  |)art3  of  Ireland,  esi>ecially  those  of  the  south-west  comer  of  it, 
exliibit  in  great  perfection  that  rounding,  and  polishing  which  glaciers 
communicate  to  the  rocks  over  which  they  glide.  So  perfectly  indeed 
ai-e  all,  even  the  hardest  rocks,  rounded  and  smoothed,  that  the  very 
universality  of  the  process  prevents  its  striking  an  eye  not  instructed 
in  the  nature  of  the  phenomenon.  The  summits  of  the  highest  moim- 
tains,  as  Mr.  Du  Noyer  has  remarked  to  me,  bristle  with  rough  peaks 
and  crags,  but  theii'  lower  slopes  are  all  smooth  and  rounded,  and  this 
sm( Hilling  is  continued  dimn  even  below  the  level  of  the  sea.  In  many 
c«isi'.s  preci])itous  faces  of  hard  rock  have  been  undercut  into  broad 
grooves  and  mouhlings,  of  several  inches  in  depth  and  a  foot  or  two 
in  width,  just  as  the  preci]>ices  which  glaciers  now  rub  against  are 
grouved.  These  are  beautifully  shewn,  by  the  roadside,  in  the  pass 
over  Mount  Gabriel,  a  few  miles  north  of  Skull,  in  county  Oork,  and 
were  declared  by  Sir  11.  T.  Dela  Beche,  when  he  visited  the  spot  with 
me  in  1851,  to  l)e  as  perfect  as  anything  he  ever  saw  in  the  Alps. 

The  surface  of  the  rocks  on  the  slopes  and  tops  of  the  hills  are 
travei*sed  also  by  "  glacial  stria),"  or  scratches  running  in  parallel  lines 
on  the  :»urface  of  the  hanl  rocks,  deep  enough  for  a  thick  pencil  to  lie  in. 

These  marks  are  preciiicly  such  as  have  been  described  in  Wales, 
in  Scotland,  and  other  i>arts  of  the  British  islands,  as  well  as  over 
northern  Europe  and  America,  and  are  now  generally  accepted  as  proofs 
of  the  former  presence  of  glaciers. 

Tlie  Drift  in  some  of  the  moimtain  valleys,  or  at  the  mouths  of  those 
Vidleys,  is  sometimes  arranged  in  semicircular  or  horse-shoe  shaped 
ridges,  which  have  been  held  to  be  the  terminal  moraines  of  these  old 
glaciers.  Tliey  may  in  some  ciises  really  be  so,  but  in  others  I  have 
liad  some  doubts  as  to  whether  they  were  really  a  pile  of  blocks  dropped 
at  the  end  of  a  glacier,  or  one  hea}XHl  up  there  by  the  action  of  the 
sea  tides  and  currents  washing  in  and  out  of  the  valley,  from  which, 
perhaps,  block-hiden  shore  ice  floated  occasionally,  the  ridge  being  sub- 
sequently mollified  by  the  river  action  when  the  valley  became  dry  land. 

It  is,  however,  quite  clear,  that  when  our  present  mountains  were 
cf)Verod  by  perpetual  snow,  and  their  valleys  partly  filled  by  gladeiB, 
such  of  those  glaciers  as  did  not  end  in  the  sea  must  have  had  terminal 
moraines. 

It  is  possible  that  at  one  time  during  the  glacial  period  our  lands 
may  have  been  nmch  more  lohy  than  now,  but  it  is  quite  beyond  doubt 
that,  at  the  time  when  the  Limestone  gravel  of  Ireland  was  spread 
over  the  country,  and  the  Granite  boulders  scattered  over  it,  the  tops 
of  the  mountains  only  were  above  water,  forming  small  islands.  Ice- 
bergs and  shore  ice  proceedbig  from  those  islands  carried  out  to  sea 
the  blocks  which  were  frozen  into  them  or  fell  on  to  them  during  the 
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wintcc,  and  when  they  melted  during  the  Bummer,  they  dropped  those 
blocks  promiscuously  on  the  old  sea  bottom,  very  frequently  on  the 
submarine  rocks  and  shoals  which  arrested  the  icebergs  in  their  passage, 
and  now  form  some  of  the  hills  of  our  present  lands.  These  icebergs 
and  icefloes  would  in  some  cases  be  drifted  off  from  the  islands  towards 
the  north,  until  they  got  within  the  sweep  of  the  prevailing  set  of  the 
currents,  which,  during  this  period,  was  certainly  towards  the  south. 
They  would,  moreover,  be  more  likely  to  melt  away  and  drop  their 
burdens  while  moving  south  than  when  going  in  a  contrary  direction. 

It  is  remarkable,  as  shewn  by  the  contour  maps  prepared  fonuerly 
by  the  Ordnance  Survey  (a  reduced  copy  of  which  will  be  found  in 
Sir  R.  Kane's  Industrial  Resources  of  Ireland),  that  a  depression  of 
only  250  feet  would  completely  alter  the  8hai)e'  of  what  would  then 
remain  of  Ireland,  and  one  of  500  feet  would  convert  it  into  two  archi- 
])elagos  of  small  islands  with  a  broad  sound  between  them  stretching 
from  Dublin  Bay  to  Galway  Bay.  Any  subsequent  depression  would 
not  greatly  alter  these  two  small  archipelagos,  excej)t  by  diminishing 
the  number  and  size  of  the  islands,  until,  when  the  deprcssicm  reached 
2000  feet  below  the  present  level,  a  few  little  islets  only  would  be  left, 
marking  the  position  of  the  isolated  groups  of  mountains  now  existing 
in  the  south  and  north  of  Ireland  respectively. 

It  must  be  recollected  that,  during  the  submergence  of  the  land, 
and  during  its  subsequent  re-elevation,  the  motion  was  most  probably  a 
slow  and  gradual  one,  and  that  every  conceivable  gradation  of  relative 
altitude  must  therefore  have  existed  at  one  time  or  other  between  the 
present  levels  of  the  land  and  its  greatest  depression. 

It  must  also  be  borne  in  mind  that  the  position  and  arrangement 
of  the  superficial  materials,  as  they  now  exist,  received  their  lost  modi- 
fications from  the  sea  during  the  last  elevation  of  the  land,  and  have 
l>een  subsequently  modified  by  subaerial  action  alone.  Tlie  latter  ac- 
tion has  in  many  instances  been  greater  than  might  at  first  be  thought 
possible,  for  it  must  be  recollected  that  the  land,  on  its  first  elevation, 
would  not  1)e  covered  by  soil  or  vegetation,  and  that  the  rain-fall  may 
have  been  greater  than  now,  when  the  climate  was  different. 

The  existence  of  glaciers  on  our  mountain  to]>3,  and  of  icebergs 
carrying  blocks  over  our  submerged  lower  lands,  as  proved  by  the  phe- 
nomena now  briefly  described,  is  in  harmony  with  the  f^t  of  the 
existence  of  northern  and  Arctic  shells  in  the  fossiliferous  })arts  of  the 
drift,  and  also  with  the  existence  of  the  vfoollif  Elephant  and  wooUy 
Rliiuoceros,  and  the  Reindeer,  and  other  animals  which  will  be  men- 
tioned presently. 

Denudatio^i  during  the  Pleistocene  Period  not  great. — ^AU  the  facts 
connected  with  the  Drift,  especially  the  marks  of  glacial  action  on  the 
surface,  prove  that  the  actool  erosion  of  rock,  or  amount  of  denudation, 
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tliat  was  caiLsed  during  the  Pleistocene  period,  was  compaiatiTely  very 
«iiall.  TliL*  present  Hurface  of  our  landf^,  as  it  would  be  if  the  Drift 
materials  were  removed,  was  of  course  the  surface  on  which  they  were 
de]^)0!4ited ;  that  surface  wits  formed,  therefore,  before  their  depositioii, 
and  the  surface  of  the  parts  now  uncovered  by  Drift  is  merely  a  eon- 
tuiuation  of  that  part  of  the  surface  which  is  so  covered. 

The  sea  or  the  ice  of  that  jxiriod  exerted  some  action,  doubtlemy  in 
the  way  of  erosion,  just  as  ice  and  sea  have  exerted  some  action  since, 
but  there  is  no  evidence  to  shew  that  much  greater  erosion  or  destmction 
of  rock  was  aiusetl  during  the  Pleistocene  period  than  has  taken  place 
since.  What  the  Pleistocene  sea  and  ice  principally  did,  was  to  xe- 
arrange  the  looser  materials  which  previous  erodve  action  had  prepoxed 
for  them,  or  to  remove  in  some  places  a  little  of  the  external  skin  of  the 
pre\'iously  existing  surface.  Any  considerable  amount  of  denudation 
requires  a  lapse  of  time  infinitely  greater  than  has  gone  by  sinoe  the 
commencement  of  the  Pleistocene  period,  however  many  millumB  of 
ages  may  In?  allowed  to  have  passed  since  then. 

Eahrs. — There  is  a  good  deal  of  interest  attached  to  the  external 
form  of  some  of  the  accumulations  of  Drift  in  Ireland.  The  deposit  haa 
evidently  Ix'en  in  many  places  modified  and  shaped  externally  by  the 
cuiTents  of  the  water,  either  at  the  time  of  its  deposition  or  subsequently. 
The  givat  bank  of  Drift  near  Killamey,  and  its  removal  round  the 
Lower  lake,  is  one  instance  of  this.  There  are,  however,  other  con- 
spicuous instances  in  the  south  of  Ireland  where  the  general  fonn  of  the 
adjacent  high  lands  has  evidently  some  connection  with  the  present 
extenial  foim  of  the  Drift  deposits  in  the  low  lands  about  them.  Huge 
momids  of  Drift  are  often  accmuulated  in  a  bight  of  the  hills,  especially 
when  there  is  a  valley  leading  through  the  hiUs  at  the  head  of  the 
bight.  Tliis  is  the  case  A^ith  the  Drift  mounds  in  the  KilmaatuUagk 
valley  Ix'tween  the  Arra  mountains  and  the  extension  of  the  Silyerminee 
Hills  towards  O'Brien's  Bridge  ;  with  the  Drift  mounds  near  Broadfoid  in 
the  north-west  bight  of  the  Slieve  Bemagh  range  ;  and  with  the  Drift 
mounds  ne^r  Roscrea,  to  the  west  of  the  valley  between  the  south  end 
of  the  Slieve  Bloom  hills,  and  the  north  extension  of  the  ^  Devil's  bit 
range."  The  great  mounds  of  Drift  near  the  town  of  Upperaiy  and 
those  of  the  Curragh  of  Kildare  have  probably  fdso  a  relation  to  the 
adjacent  high  land.* 

*■  I  Ixsliovn  this  ob8crvation  might  l)e  extended  much  farther  than  Ireland.  I  was  rtrock 
last  Aummer  in  the  Lake  country  with  the  great  piles  of  Drift  on  the  north  side  of  the 
watershed  of  the  pass  between  Ambleside  and  Keswick,  called  Dunmail  Raise,  and  with  the 
leaser  but  still  conspicuous  mounds  about  the  watershed  on  the  road  fh>m  Ambleilde  to 
Coniston,  and  in  other  similar  situations.  In  the  summer  of  1800 1  was  equally  stnick  with  the 
great  Drift  moimds  so  similar  to  those  of  Ireland,  which  are  met  with  in  Bwitaerland  on  the 
road  tiom  Iloi^n  to  Zug,  immediately  after  passing  the  watershed.    In  all  these  cases  tte 
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These  mounds  probably  received  their  form  daring  their  first  accu- 
mulation, but  in  other  cases  the  surface  of  the  Drift  seems  to  be  one 
caused  by  subsequent  erosion.  In  one  conspicuous  instance,  two  or 
three  miles  north  of  Parsonstown,  which  I  visited  in  November  1861 
with  Mr.  A.  B.  Wynne,  a  widely-spread  expanse  of  deep,  horizontally 
stratified  Limestone  gravel  seems  to  have  been  so  far  acted  on  by  subse- 
quent denudation  as  to  have  now  an  abruptly  imdulating  surface,  con- 
sisting of  small  mounds,  ridges,  and  valleys,  running  in  various  directions 
over  a  space  several  miles  in  length,  and  one  or  two  in  breadth.  One 
of  these  ridges,  however,  and  the  most  conspicuous  of  them,  formed  a 
long  Esker  (as  such  ridges  are  called  in  Ireland),  or  narrow  gently  undu- 
lating bank,  some  fifty  feet  above  the  surrounding  flat  country,  and  some 
miles  in  length. 

These  Eskers  are  very  nimierous  in  Ireland  over  all  the  low  central 
plain.  One  is  to  be  seen  three  or  four  miles  to  the  w^est  of  Dublin, 
running  from  the  banks  of  the  Dodder  past  the  old  castle  of  T^rmon 
by  the  Green  HiUs  towards  the  valley  of  the  Liffey.  Others  are 
marked  on  the  Geological  maps  near  Stradbally  in  the  Queen's  county, 
near  Bagenalstown,  near  Maryborough,  near  Phillipstown,  and  in  several 
other  places.  (See  explanations  of  sheets  100,  101,  102,  111,  128, 
144,  147, 154,  166,  among  those  already  published). 

The  general  form  of  an  Esker  is  that  of  a  long  bank  with  steep  sides, 
rising  to  a  height  of  from  20  to  70  feet  above  the  neighbouring  ground. 
It  is  sometimes  not  more  than  a  few  yards  wide  on  the  top,  but  at  other 
times  spreads  into  wider  moimds,  and  sometimes  sends  out  spurs  or 
terminates  in  two  or  three  undulating  mounds.  The  broader  parts 
of  an  Esker  often  have  deep  circular  or  oval  hollows  in  them,  60  or 
60  yards  wide  at  top,  and  30  or  40  feet  deep,  without  any  outlet. 
Eskers  often  spring  insensibly  from  a  slope  at  the  foot  of  a  hill, 
and  stretch  with  a  gently  undulating  line  for  several  miles  across  the 
flat  country. 

The  Maryborough  Esker  commences  at  the  foot  of  the  Coal-measure 
hills  a  little  south  of  Maryborough,  and  runs  off  to  the  northward 
unbroken  for  seven  miles  to  near  Mount  Mellick.  It  is  then  interrupted 
by  a  gap  of  a  mile  and  a  half,  through  which  the  little  river  Ownass  flows, 
but  sets  on  again  in  the  same  lino  for  another  mile  and  a  half,  beyond 
which  it  coalesces  with  some  irregular  gravel  mounds.  It  stretches 
obliquely  across  the  mouth  of  the  wide  open  valley  between  the  Coal- 

occamulAtions  occarred  where  there  miut  once  haye  been  a  straight  between  islands,  and 
where,  acox>rdingIy,  the  tidal  and  other  cnnents  would  be  likely  to  meet  and  oppose  each  other. 
In  this,  as  in  many  other  cases,  the  officers  of  the  Geological  Survey,  though  they  may 
find  themselves  on  the  traces  of  generalisations  of  great  interest,  must  be  content  with  indi- 
cating them  to  the  researches  of  othexs  whose  time  and  movements  may  be  at  their  own 
disposaL 
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measure  hills  and  the  Slieve  Bloom  mountains.  It  does  not,  however^ 
tuucli  the  latter,  but  swei^ps  in  a  parallel  line  round  their  north-eajBt 
comer* 

Tlie  Bagenalstown  Rsker  conmiences  in  the  limestone  flat,  but  runs 
from  that  un  tu  the  Qrauite,  ascending  a  gently  sloping  ridge  which  is  120 
feet  hi^'her  than  the  limestone  plain,  still  preserving  its  form  of  a  bank 
40  feet  hi^'h,  until  in  about  three  miles  it  gradually  spreads  into  low 
gravel  muunds  and  becnnies  lost  in  the  general  mass  of  the  drift  which 
there  covei*s  the  Granite. — (Explanation  of  sh.  147  and  157). 

These  Kskers  are  often  o}x*ned  for  gravel  pits,  as  may  be  seen  at  the 
Green  Hills  near  Dublin,  and  the  arrangement  of  their  materials  is  very 
cinious.  Irregular  beds  of  hirge  blocks,  or  of  small  pebbles,  or  of  the 
finest  sand,  are  arranged  one  over  the  other,  generally  with  a  rude 
attenii)t  at  c^  informing  to  the  external  slopes  of  the  ridge,  but  not  preserv- 
ing for  any  distance  either  their  tliickness  or  inclination.  These  irregu- 
lar IkhIs  seem  to  have  been  formed  by  the  piling  action  of  two  opposing 
currents,  or  ti>  have  been  heaped  up  in  the  eddy  at  the  mai^gin  of 
currents  ninning  in  ditlerent  directions. 

Manv  of  these  ridges  soeni  to  have  been  shnilar  to  "  harbour  bar8"t  in 
their  mode  of  formation,  and  to  be  directly  related  in  this  way  to  the 
valleys  running  into  the  neighbouring  hills,  which  must,  of  course,  have 
formed  bays  ov  harbours  during  some  port  of  the  last  slow  rising  of  the 
land  abiA'e  the  sea.  Othei*s,  however,  es^^ecially  those  numerous  ones 
that  run  in  various  <lirections  all  over  the  great  central  plain  of  Ireland, 
can  only  have  been  formed  in  the  opeu  sea  by  the  action  of  different 
currents,  as  that  sea  became  shallow  in  consequence  of  the  elevation  of 
its  bed. 

These  Eskers  of  the  plains  ai-e  often  associated  with  the  bogs,  either 
running  in  lines  between  two  large  bogs,  or  partially  or  entirely  snr- 
rounding  flat  spaces,  which  seem  to  have  been  converted  into  bogs  in 
conseijuence  of  the  Eskers  having  at  one  time  retarded,  and  perhaps  still 
retarding  in  some  places,  the  drainage  of  the  country,  the  superfluous 
water  soaking  through  the  porous  base  of  the  Esker  instead  of  mcddng  a 
regular  l)rook  or  river  channel  for  itself  to  run  off  by. 

'  TIk-  (M^iiTitry  jieoplo  ulM>ut  Mnr>'1>oriiagh  afflrm  that  this  Esker  stretches  aU  aerota 
Ireland.  1^1  r.  Wynne  was  told  that  an  Eskt>r,  near  Borrisokane,  a  long  way  to  the  west  of  the 
Bliove  Bloom  mountains,  was  part  of  Uiat  near  Maryborough.  These  storiea  may  bo  takeu 
art  endonci*  of  the  similarity  of  the  E.skers  at  dlflerunt  places,  and  their  freqncnt  ocearreiiRe 
in  tlie  contro  of  Irelaijil.  Some  of  them  seem  certainly  to  be  15  or  20  miles  in  length,  if  we 
allow  fi»r  ocrftBlonal  ^ps  or  interruptions. 

t  An  excellent  cxuniple  of  an  old  harbour  bar  may  1>e  seen  at  the  Seven  Chnrehea  tn 
county  Wickluw.  All  the  ruins  ai-o  on  a  bank  of  Drift  stretching  across  the  main  ▼allay, 
and  fonued  partly  of  the  detritus  frf)m  that  valley,  but  chiefly,  perhaps,  ftom  the  other 
steep<^r  and  narrower  valley,  which  must  at  one  time  have  emptied  its  drainage  into  the  old 
harbour  just  about  this  point,  and  brought  down  the  detritus,  of  which  the  tidal  cuimita 
formed  the  bar. 
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The  centre  of  Ireland  between  Dublin  and  Galway,  and  from 
Nenagh  to  the  counties  of  Mayo  and  Sligo,  is  largely  occupied  by  a  suc- 
cession of  great  bogs  and  Esker  ridges,  the  rounded  blocks  in  the  latter 
being  often  of  large  size,  and  heaped  up  in  the  greatest  confusion  and 
abundance.  This  flat  country  looks  as  if  it  had  been  but  lately  lifted  up 
out  of  the  sea,  still  bearing  the  marks  of  the  beating  of  the  Atlantic 
waves,  and  the  washing  to  and  fro  of  its  tides  and  currents. 

Subsequent  Elevation  and  widely-spread  Plains, — It  is  probable  then 
that  the  Eskers  and  other  modifications  in  the  external  form  of  the 
Pleistocene  deposits  were  produced  during  the  rise  of  the  old  sea-bed  into 
dry  land.  It  is  also  probable  that  the  result  of  that  elevation  was  a 
widely-spread  plain,  something  like  what  Northern  Siberia  now  is, 
which  perhaps  ^connected  the  British  Islands  with  the  Continent ;  and 
that  the  English  Channel,  and  the  Irish  and  North  Seas,  have  been 
formed  by  the  erosive  action  of  the  Atlantic  eating  into  the  lower  and 
softer  parts  of  that  plain.  On  this  plain  many  lakes  existed,  which 
have  been  filled  up  with  lacustrine  deposits,  containing  the  bones  of 
such  animals  as  the  great  Irish  deer  (Megaceros  Hibemicus),  and  others. 

Cave  Deposits. — It  was  probably  also  at  this  time,  that  is,  after  the 
last  elevation  of  the  land,  that  the  caves  of  the  British  Islands  and  the 
Continent  were  inhabited  by  vdld  beasts,  such  as  the  Cave  Hyaena  and 
Cave  Bear,  which  have  left  their  remains  buried  in  the  mud  at  the 
bottom  of  these  caves,  that  mud  Iiaving  been  covered  and  preserved 
by  a  deposit  of  stalagmite. 

Raised  Beaches,  Low  Level  Gravels, — ^Besides  the  widely-spread 
Drift,  containing  recent  shells,  there  are  also  to  be  found  in  many 
places  more  local  deposits  seeming  to  have  been  formed  as  beaches 
on  the  margin  of  the  sea,  but  now  lifted  up  beyond  the  reach  of  high 
water.  The  exact  date  of  these  deposits,  or  that  of  their  elevation,  with 
relation  to  the  deposition  or  elevation  of  the  widely-spread  drift,  is 
often  a  very  difficult  point  to  determine. 

The  Low  Level  Gravels  are  those  deposits  which  have  been  formed 
at  the  bottom  of  our  present  valleys  since  the  deposition  of  the  Boulder 
Clay,  many  of  their  materials  being  derived,  probably,  from  that  boul- 
der clay  in  the  regions  into  which  it  spread,  or  from  the  high  level 
gravels  or  other  superficial  deposits  where  the  boulder  clay  was  absent. 

The  bones  of  the  Mammalia  that  inhabited  the  adjacent  high 
grounds,  and  the  shells,  either  land  or  fresh  water,  of  existing  Mollusca, 
are  to  be  found  in  these  lower  gravels,  many  of  which  seem  to  have 
been  formed  in  the  rivers  and  estuaries,  when  the  country  was  at  a  little 
lower  level,  or  before  the  rivers  had  cut  so  deeply  down  into  their  pre- 
sent beds,  and  when  they  consequently  flooded  the  adjacent  grounds  to 
a  greater  extent  than  now. 

One  fresh-water  shell,  which  was  caUed  Cyrena  trigonula,  when  first 
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found  in  the  Crag,  and  Cyrena  consobrina  when  found  living  in  the  Nile, 
and  now  is  called  Cyrena  (or  Corbicula)  fluminaliB,  eeems  to  have  enr- 
vived  many  mutations  and  alterations  of  Burface.  It  is  found  in  many 
of  the  fresh- water  deposits  above  the  Boulder  Clay,  as  shewn  by  Mr. 
Prestwich  lately  in  his  paper  on  its  occurrenoe  with  recent  marine 
shells  in  beds  of  sand  and  drift  over  the  boulder  day  near  HulL-^ 
Q.  J,  O.  S.y  vol.  xviL  p.  446). 

Submarine  Forest^  and  Peat  Bogs, — ^Around  all  the  shores  of  Ireland 
there  is  frequently  to  be  found  evidence  of  a  comparatively  recent  de- 
pression of  the  land  having  taken  place,  in  the  occurrence  of  undiBtnrbed 
peat  bogs  beneath  the  sand  of  the  sea,  stretching  below  the  level  of  the 
lowest  spring  tides.  Turf  has  lately  been  found  beneath  the  mud  of 
Wexford  harbour.  At  numerous  points  along  the  south  and  west  coast 
of  Ireland  it  is  a  common  practice  for  the  country  people  to  go  to  the 
head  of  the  sandy  bogs,  at  dead  low  water  of  spring  tides,  and  dig  turf 
from  underneath  the  sand,  and  it  has  been  equally  noted  in  wmflay 
situations  along  the  western  and  northern  coasts. 

The  stumps  and  roots  of  trees  in  the  position  of  growth  are  found 
in  tliis  x>cat,  clearly  shewing  that  it  grew  on  the  dry  land,  and  its  very 
general,  we  might  almost  say  universal,  occurrence,  round  the  coast, 
shews  that  no  local  position  of  sand  hills  or  other  barriers  can  account 
for  the  land  having  been  dry,  but  that  it  formerly  stood  at  a  higher 
level,  and  is  now  beneath  the  sea  in  consequence  of  depression. 

Tliere  are  many  x>oints  on  the  coast  of  England  also,  where  ftiTnilAT 
facts  are  observable.  I  dug  a  stump  of  a  tree  full  of  living  pholades 
out  of  the  turf  at  the  margin  of  dead  low  water  of  a  spring  tide  between 
the  mouth  of  the  Dee  and  the  Mersey  in  the  summer  of  1837.  Old 
land  surfaces  have  been  found  beneath  the  fens  of  Cambridge  below 
the  level  of  the  sea. 

It  is  therefore  certain  that  since  the  elevation  which  lifted  up  the 
great  glacial  plain  into  dry  land,  there  has  been  a  subsequent  depres- 
sion, which  has  aided  the  sea  in  diminishing  the  size  of  our  islands, 
and  increasing  the  width  of  the  "  Narrow  Seas  ;"  and  that  this  has 
occurred  since  the  formation  of  peat  bogs,  which  are  exactly  similar  to 
the  lower  parts  of  the  peat  bogs  in  the  interior  of  the  country. 

Character Utic  Fossils  of  the  Pleistocene  Deposits. 

Conchifera, 

Astarte  borealis,  A.*  and  Crag          .         .         Ly.  Man.,  fig.  110. 
elliptica,  N.  C Foes.  gr.  48,  h. 

*  In  this  list  A.  stands  for  Arctic,  B.  for  Boretl,  C.  for  Celtic  or  the  BritUh  Beat,  H.  O. 
for  North  Celtic,  or  the  seas  of  the  coast  of  Scotland,  etc 
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Caidinm  edule  (uanmoti  cocUe),  and  Crag  Wood,  Crag.  Moll. 
Cjpiinft  Idandica,  B.  and  C,  and  Crag  Jhid. 

Cyrenfi  flnminalis  (also  called  C.  conaobrina, 

when  Uving  in  ihe  Nile,  and  C.  trigonula 

when  foBEil  in  the  Crag)  .  Fosa.  gr.  48,  e. 

Leda  tmlntta,  A.  (called  ^bo  Nucida  oblonga)  Tab.  View. 

Mactra  eolida  (all  Eojopean  aeas  and  Cra^  Sow.  M.  C.  160. 


a.  Pcotm  IiUndlcDi; 


/.  Fumu  wtlulfanDii. 
IT.  Bciluta  Onmluidlri. 
K  CtmofU  KiwhlTn 


Hj-a  tniacata,  R  and  C,  and  Crag    . 

Ostnoa  ednlia  (common  oyster),  and  Crag. 

Fanopi^  Norvegica,  and  Crag  . 

Pecten  lalandicus,  A.        .  .  .  . 

Pholag  criapata,  B.  and  N.  C. 

SaxicavB  rngooa  (widely  spread) 

Tellina  Balthica  (eolidnk)  (all  Euiopean  le 


Tab.  View. 
Fobs.  gr.  48,  ( 


G88 
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Gasterojwda, 

Ccmoria  Noachina,  A.  and  B.    . 
Fiisus  anti(iuusi,  B.  and  C,  and  Crag 

BaniiHu}*,  B.  and  U.  C. 

Fabricii,  A.    . 

Isliindiciis,  A.  B.  and  C. 

scalaiifonuis,  A.       .         .         . 

Liltorina  littorea  (common  periwinkle) 
Natica  clausa  .... 

GreenlandLca,  A.  and  B. 

Patella  viilgata  (common  limpet),  and  Crag 
Piiq)ura  lapillus,  A.  B.  and  C.,  and  Crag 
Scalaria  Greenlandica,  A.  and  B. 
Turritclla  communis  (European  seas) 


Foss.  gr.  48,  h. 
Wood,  Crag.  Moll. 
Tab.  View. 
Fos&  gr.  48,  d. 

Foss.  gr.  48,/. 
Wood,  Crag.  Moll. 
Ly.  MaiL,  fig.  114. 
Foss.  gr.  4  By  e. 
Tab.  View. 
Tab.  View. 
Foss.  gr.  48,  y. 
Tab.  View. 


Nntf. — On  tliis  jiart  of  the  subject  the  Htndent  will  find  ftill  infonnatkm  in.  Edward 
ForlM>8'8  i»a]HT  on  the  "  Oeologicnl  relations  of  the  exiflting  Vwcaoi  and  Flora  of  the  Biititb 
IdlcA,"  in  Mans.  (7eoUnj.  Surv.,  voL  i.,  and  also  in  his  European  Seat,  completed  by  Vr. 
Godwin  Auaton. 


AfammaUa, 
Elej»lia»  antiquus*. 

primi<;enius    . 

llhinocerod  licli(.»rhinus 

Iei>t<)rliinu3 

Hippopotamus 

Megaceros  Hihernicus 

(Vmw  taranduB  (j^riscus),  Reindeer 

Boi*  anti([uus. 

—  primi<j;eniu!^ 

Folis  8pela?a    .... 

Hyiena  spelaja 

Ursus  spela)U8 


Tab.  V.  and  Ly.  Mail. 
Owen,  Fobs.  Mam. 
Tab.  V.  and  Ly.  Man. 
Ou'en,  Foss.  Mam. 
Tab.  View. 
Owen,  Foss.  Mam. 

Owen,  Foss.  Mam. 

Jbid, 
Tab.  V.  and  Ly.  Man. 
Tab.  V.  and  Lv.  Man. 


Northern  Europe. — The  description  of  the  Drift  and  Erratic  blocks 
of  the  British  islands  will  generally  serve  also  for  those  which  spread 
over  Northern  Europe.  The  plains  of  Oennany  are  strewed  with 
fragments  of  the  rocks  of  Scandina\ia,  some  of  them  as  big  as  cottages, 
that  have  evi<lently  been  carried  by  ice  over  the  Baltic,  and  dropjped 
as  the  ice  islands  molted  away  in  the  seas  that  then  extended  from 
the  mcumtains  of  Norway  over  the  low  lands  of  Europe.  This 
Northern  Drift  is  limited  by  a  singularly  tortnous  line  that  rans  fiom 
the  Tcheskaian  Gulf  (east  of  the  White  Sea),  south  towards  the  Uial 
Mountains,  but  is  then  deflected  back,  and  undulates  boldly  through 
the  centre  of  Russia,  to  the  foot  of  the  Carpathian  Mountains,  markh 
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probably  the  limit  of  the  Pleistocene  Sea,  during  the  time  when  the 
blocks  were  being  transported.  Tts  farthest  point  south  is  about 
Cracow,  latitude  50%  and  it  runs  thence  along  the  northern  foot  of 
the  highlands  of  Bohemia  and  Saxony,  and  the  Hartz  mountains,  to 
the  ])laius  of  Holland  about  the  Zuyder  Zee,  and  thence  probably  across 
the  south  of  England,  up  the  valley  of  the  Thames,  to  the  mouth  of  the 
Severn,  in  the  Bristol  ChanneL 

The  Alps  and  SiciUerland. — ^The  Alps,  however,  formed  a  local 
centre  of  Drift  of  their  own,  into  the  sea  which  probably  then  washed 
their  foot,  large  blocks  being  sent  on  icebergs  for  some  miles,  both  to 
the  north  and  to  the  south.  Blocks  of  rock  from  the  different  parts  of 
the  central  Alps  rest  upon  those  points  of  the  Jura  which  are  0]>posite 
to  the  valleys  issuing  from  them,  each  valley  carrying  blocks  from  the 
rocks  near  its  source.  Some  geologists  believe  that  these  blocks  were 
carried  on  dry  land  by  the  glaciers,  which  they  supi>ose  then  to  have 
extended  across  the  middle  lake  district  of  Switzerland  over  the  soft 
accumulations  of  the  Molasse,  and  to  have  climbed  the  slopes  of  the 
Jura.  The  existing  glaciers  of  Switzerland  were  certainly  once  far 
more  extensive  than  they  are  now,  as  is  shewn  by  the  ice  marks  in  the 
lower  valley  of  Hasli  for  instance. 

India, — From  Dr.  Hooker's  Himalayan  Journals,  it  appears  that  the 
glaciers  of  the  Himalayan  mountains  were  in  like  maimer  much  more 
extensive  formerly  than  they  are  now. 

Loess  and  Lehm  of  the  Rhine  Valley, — ^These  deposits  consist  of 
fine  sand  and  loam,  with  occasional  layers  of  gravel.  They  arc  found 
on  the  hills  bordering  the  Rhine  and  its  tributary  valleys  up  to  heights 
of  more  than  1 200  feet  near  Basle,  and  on  the  summits  and  flanks  of 
the  hills  down  to  the  flat  near  Cologne. 

The  fossils  in  them  consist  chiefly  of  land  and  fresh-water  shells  of 
existing  species,  together  with  bones  of  the  Mammoth  and  other  land 
animals. 

Lyell  believes  that,  as  the  land  rose  from  its  depression  beneath  the 
glacial  sea,  the  fresh-waters  of  the  valley,  having  at  first  a  very  gentle 
fall,  woidd  spread  more  or  less  over  the  neighbouring  lands  as  they  just 
emerged  from  the  sea,  and  afterwards,  as  the  land  rose,  would  be  gradu- 
ally and  successively  contracted  to  their  present  bed.  Thus  the  fresh- 
water deposits  might  be  found  at  various  heights  over  all  the  country 
that  liad  suficred  depression,  according  to  the  various  conditions  of  that 
surface  during  the  subsequent  elevation. 

What  is  true  for  the  Rhine  valley  will  also,  doubtless,  apply  \iith 
equal  truth  to  many  other  districts. 

North  America, — ^For  information  as  to  the  glacial  phenomena  of 
North  America,  I  most  refer  the  student  to  Dr.  Bigsby's  paper, ''  On  the 
Erratics  of  Canada  J*  Q.  J,  O.  S,y  voL  viL  p.  216,  and  Professor  Ramsay's 
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paper  "  On  Glacial  Phenomena  of  Canada,  etc^  Q.  J.  O.  A,  voL  xv.  p.  200  ; 
and  Dr.  Ilector^s  paper  "  On  the  Geology  of  the  Country  between  Lake 
Superior  and  the  Pacific  Ocean**  Q.  J.  G.  &,  voL  xviL,  and  the  poblica- 
tionB  of  the  Geological  Sur\'ey  of  Canada  under  Sir  W.  Logan,  and  the 
varioua  Geological  Sur\'ey3  of  the  United  States. 

Sicilian  Beds. — In  Sicily  and  other  parts  of  the  Meditemmean 
Basin  there  are  recent  tertiary  deposits,  which,  from  the  great  propor- 
tion of  existing  species  they  contain,  belong  seemingly  to  the  Pleisto- 
cene Period. 

Lyell  describes  those  of  Sicily  as  rising  in  some  places  to  a  height 
of  3000  feet  above  the  sea,  and  covering  nearly  half  the  island.  They 
consist  of  the  Gii)^enti  limestone  above,  having  an  aggregate  thickness 
of  700  or  800  feet,  beneath  which  is  a  sandstone  and  conglomerate 
passing  doT^n  into  clay  and  blue  marL  The  limestones  are  in  some 
places  like  the  Calcoire  grossier  of  Paris,  but  in  others  are  nearly  as 
compact  as  marble.  South  of  Catania  these  beds  are  intexstratified 
with  lava  and  ashes,  and  traversed  by  dykes,  and  form  an  aggregate 
not  lesM  than  2000  feet  thick.  In  one  place  a  bed  of  oysters  (our  com- 
mon edible  species),  twenty  feet  thick,  rests  on  a  bed  of  basaltic  lava, 
and  is  covered  by  other  lavas  and  ashes.  In  another  spot  a  bed  of  a 
common  Mediterranean  coral  (Caryophyllia  ca»pitosa},  all  the  indivi- 
dual masses  standing  erect  as  they  grew,  and  about  a  foot  and  a  half 
thick,  may  be  traced  for  some  hundreds  of  yards  on  each  side  of  a 
valley.  Tlie  ft^ssils  contained  in  these  beds  are  chiefly  of  species  now 
living  in  the  Mediterranean. — (LyelVs  Manual.) 

Tliese  formations  were  either  wholly  or  in  part  in  course  of  produc- 
tion in  the  bed  of  the  Meditenunean  during  the  time  when  our  Pleisto- 
cene Drifts  were  being  formed. 


CHAPTER   XXXIX, 
PLEIOCENE  AND  PLEISTOCENE. 

LIFE   OF   THE   PERIODS. 

The  mo8t  striking  fact  in  the  forms  of  life  during  these  later  Ter- 
tiary periods  is  the  general  one  already  alluded  to,  namely,  the  gradual 
and  successiye  appearance  of  the  species  which  now  inhabit  the  globe. 

Among  the  lower  ranks  of  animals,  as,  for  instance,  the  Mollusca, 
more  than  one-half  of  the  species  found  fossil  in  the  earlier  Pleioceno 
beds  are  the  same  as  those  which  now  exist,  and  of  the  remainder, 
which  are  now  extinct,  each  species  as  it  died  out  had  its  place  taken 
by  another  form  wMch  still  remains  a  living  species,  these  being  found 
in  greater  proportionate  numbers  in  the  later  and  later  deposits. 

In  the  higher  orders  of  life,  however,  as  among  the  Mammalia  for 
instance,  we  do  not  find  the  same  specific  identity  in  the  earlier  Pleio- 
cene  deposits  as  among  the  Mollusca.  It  has  been  remarked  before, 
that  the  duration  of  species  is  longer  among  the  lower  ranks  of  life  than 
the  upper.  While  so  many,  then,  of  the  species  of  Mollusca  that  lived 
in  the  earlier  part  of  the  Pleiocene  period  still  survive  upon  the  globe, 
the  species  of  the  Mammalia  that  then  lived  have  become  extinct ;  but 
their  places  have  been  taken  by  other  closely  allied  8])ecies,  which  can, 
for  the  most  part,  be  included  in  the  same  genera  with  them.  Those 
genera  almost  all  stUl  exist  upon  the  earth,  their  existing  species 
gradually  making  their  appearance  in  the  newer  deposits  of  the  subse- 
quent periods. 

Sir  C.  Lyell,  in  the  supplement  already  quoted  (which  I  hope 
before  the  publication  of  these  pages  to  see  incorporated  in  a  new 
edition  of  his  Manual)  gives  the  following  generalisation  as  to  the 
marine  testacea  of  the  three  Crag  deposits,  quoting  Mr.  Searles  Wood*s 
monograph  in  the  publication  of  the  Paheontological  Society,  and 
acknowledging  the  assistance  of  Mr.  Woodward. 

The  number  of  species  of  marine  testacea  in  the  CoraUine,  Red 
and  Norwich  Crags,  is  442 — of  which  the  first  has  327  and  the  second 
225,  the  number  of  species  common  to  the  two  being  116.    The  species 
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in  tlie  Norwich  Crag  are  81,  of  which  4  are  found  also  iu  the  Coxalline 
and  33  in  the  Red  Crag:^. 

Tlie  percentage  of  Recent  sivecies  is  in  the  Coralline  Crag,  61,  their 
total  number  being  168,  of  which  27  are  not  found  living  in  the 
British  but  in  more  southern  seas,  while  2  arc  only  found  in  noithem 
seiu*.  Tlie  percentage  in  the  Red  Crag  is  67,  the  total  number  of  recent 
Hpecies  being  130,  of  wliich  16  are  found  in  southern  and  8  in  northern 
seas.  Tlie  percentage  in  the  Norwich  Crag  is  85,  the  total  number 
l>L'ing  69,  of  which  12  only  do  not  live  in  British  but  in  northern  seas, 
n(jne  of  them  being  inhabitants  of  southern  seas  only. 

Tliese  facts  affonl  an  interesting  and  instructive  example  of  change 
at  once  in  the  fonns  of  life  and  the  climate  of  the  region.  They  shew  the 
influence  of  the  gradual  refrigeration  of  the  climate  during  the  deposition 
of  these  Cnig  de]>08its,  wliich  reached  its  maximum  a  little  later,  during 
the  deposition  of  the  Northern  Drift  or  Glacial  deposits. 

Edward  Forbes  shewed  that  species  of  MoUusca  which  inhabited 
the  British  seas  during  the  Pleiocene  Period,  retreated  to  the  Booth 
l)efore  the  cold  climate  which  spread  gradually  from  the  nojiili  in  the 
Pleistocene  Period,  and  beciuue  then  iuliabitants  of  the  Mediterranean 
and  ailjacent  pai-ts  of  the  Atlantic.  These  shells  ore  foimd  foasil  in  the 
Pleistocene  de]>osits  of  those  regions,  but  many  of  them  are  not  now 
found  living  there,  havuig  returned  to  our  seas  as  the  cold  influences 
were  coniined  more  and  more  to  the  north,  and  the  ocean  currents  from 
the  south  modified  the  severity  of  the  climate.  Some  of  these  species, 
however,  still  linger  in  certain  localities  in  the  south,  a  remarkable 
instance  being  the  discovery  by  Mr.  MacAndrew  of  the  common  Red 
Crag  shell,  Fuaus  contrarius,  still  living  in  Vigo  Bay,  a  deep  fiord  on 
the  coast  of  Spain,  together  with  a  complete  colony  of  other  Celtic 
species  witliin  the  Lusitanian  province. — (Ed.  Forb^  on  Aiat,  Hist, 
European  Seas,  p.  109). 

Forbes's  Celtic  province  seems  to  have  come  into  existence  between 
the  Boreal  and  Lusitanian  x^i'oviuces  as  a  consequence  of  these  changes 
of  climate,  an  opening  havuig  been  made  between  the  two  which  has 
been  subscfpiently  occupieil  by  that  peculiar  assemblage  of  species  to 
which  he  gave  the  name  of  Celtic. 

Among  the  Mammalia  Dr.  Falconer  has  clearly  distinguished  two 
assemblages  in  Europe  and  the  British  Islands,  one  belonging  to  the 
Plei(x:ene  and  the  other  to  the  Pleistocene  Period  of  time  ;  or  as  r^^aids 
some  which  were  contemporaneous  during  the  latter  period,  some  being 
confined  to  the  north  and  others  to  the  south  of  Europe. 

The  Pleiocene  or  Southern  Mammals  comprise  Mastodon  (Tetra- 
l<yj)hodon)  Arremensis ;  Elephus  {Lojcodon)  meridionals  and  priseus; 
and  EL  (Euelephas)  antiquus  ;*  Rhinoceros  leptorhinus  and  another  ; 

*  Prestwieh  sAys  that  EueL  antiqnus  and  prlmigenios  were  not  only  eontempoimneoiu, 
but  even  co  -inliabitants  of  the  same  district  for  at  lettst  part  of  the  time. 
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Tujtiriu  areementit;  Hippopotanau  mtyor ;  Eqmu  ptieideni ;  Ftlii 
parditumii ;  Vrtat  arvernentii ;  and  a  speciex  of  Canit,  to  whicb,  ac- 
cording to  Owcu,  nmj  be  added  a  epeciea  of  Maehairodw. 

The  PletBtocene  oc  northern  assemblagt:  contains  EUphax  (Eutk- 
phai)  primigmiu*  i  Bhaweeros  tichorhinut ;  Mtffoeeroi  I/ibemicui ;  Crtttt 
SptUvui ;  Uyana  tpelaa ;  to  which  may  be  added,  according  to  Owen, 
BvbulM  moiehatui,  still  livii^  in  the  Arctic  regions  of  North  America, 
and  sercTal  other  species  of  gigantic  Bovida,  as  well  as  wolven,  foxes, 
badgers,  otters,  wolverines,  martin  cats,  weasels,  beavers,  and  other 
auimaln  in  the  cave  breccias  and  other  deposits,  some  of  existing,  aotne 
I>erhap9  of  extinct  species. 

It  niBj  perhaps  he  doubtful  how  many  of  these  species  were  con- 
temporaneous inhabitants  of  separate  provinces  during  the  earlier 
period,  and  shifted  theii  area  in  consequence  of  the  change  of  climate 
during  the  later  period,  but  it  is  certain  titat  the  Pleistocene  succeeded 
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the  Pluiocene  fauna  in  our  islands  and  central  Europe,  and  perhaps  long 
sun'ivud  them,  either  here  or  in  more  northern  regions,  after  out  climate 
had  become  unsuitable  to  them. 
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Of  the  Mammoth  (EI.  primij^nios)  not  only  are  immense  nnmben 
of  tcetli  and  tusks  found  iu  Siberia,  and  complete  beds  of  them  in 
Escholtz  B(iy  on  the  north  coast  of  America,  bat  the  whole  carcass  has 
been  recovered  fi-om  a  frozen  cliff  in  Siberia,  and  found  to  be  covered 
with  h)ug  coarse  hair,  forming  a  shaggy  main  about  the  neck,  under- 
neath which  was  a  woolly  coat,  evidently  a  defence  against  the  severity 
of  a  cold  climate.  Its  tusks  are  largely  exported  from  Siberia  to  be 
used  as  ivor^',  and  some  found  in  England  have  been  thus  used.  They 
were  longer  and  more  incun-ed  than  those  of  either  of  the  existing 
elephants,  some  of  the  tusks  measuring  ten  feet  in  length,  while  the 
transverse  i)lates  of  the  teeth  were  closer  and  narrower  than  the  Asiatic 
elephant,  and  very  different  therefore  from  the  African '(Loxodon),  in 
which  the  plates  of  enamel  form  lozenges  on  the  upper  surface. 

The  figiire  forming  No.  49  of  the  Fossil  Groups  will  give  an  idea  of 
the  pro1)able  appearance  of  the  mammoth  when  living,  an  idea  taken  by 
Mr.  Baily  from  Mr.  Waterhouse  Hawkinses  Diagrams  of  Fossil  Animftlo- 

At  Escholtz  Bay  the  cliffs  are  said  to  be  either  ice  or  coated  with 
ice,  and  (m  the  top  of  them,  embedded  in,  and  partly  covered  by,  boggy 
and  sandy  soil,  are  numberless  bones  that  have  lost  but  little  of  their 
anuual  matter,  hair  being  dug  up  with  them,  and  the  whole  island 
having  a  chaniel-house  smelL  The  bones  were  those  of  ElephoM  prinU- 
genius,  Equus  fossiU,  Cervus  diets  (moose  deer),  and  C,  TaranduM  (or 
fossil  reindeer),  Ooibo*  (fossil  musk  ox),  OviboB  tnaximus  (a  musk  ox  of 
greater  size  than  any  living  one).  Bison  latifrans  (Arctic  fossil  Bison), 
Bison  crassicomis  (heavy  lionied  bison),  and  other  bovine  animala — 
(Richardson's  Polar  Voyages,  p.  296.) 

A  whole  carcass  of  the  Rhitwceros  tichorhinus  has  been  in  like  man- 
ner dug  out  of  the  frozen  soil  of  Siberia,  and  is  described  by  PsUas  as 
covered  by  a  woolly  coat. 

No  remains  of  these  woolly  animals  have  been  found  south  of  the 
Alps,  nor  anywhere  in  any  other  than  Fleistocene  deposits.— ^i^foewwr.) 

Tlie  Megaceros  Hibemicus  was  not  an  Elk,  as  it  is  often  called,  but 
a  true  Deer,  intermediate  between  the  fallow-deer  and  the  rein-deer— 
{Owen.)  It  inhabited  the  same  frozen  plains  with  the  Mammoth  and 
the  woolly  Rhinoceros,  and  with  them  was  the  prey  of  the  gigantic 
Cave  Bear  and  the  Cave  Hyaena,  and  other  camivora  of  the  period.* 

*  The  great  antleni  of  the  Megaceros  Hibemicus,  with  their  broad  palms,  are  aometliiiM 
Hiwkon  of  08  likely  to  prevent  its  travelling  through  woodi.  The  animal  Ii  nauallj  wt  up, 
and  drawn  with  its  horns  erect  and  pointing  forward,  but  if  the  neck  be  corred  and  the 
nose  of  the  animal  thrown  up,  in  the  attitude  in  which  deer  gallop  through  woods,  tt  will 
be  seen  that  the  broad  pnlnis  of  the  antlers  will  fkll  back  over  his  flanks,  fbrmlng  aa 
admirable  protection  fh)m  stumps  and  old  Jagged  branches,  such  as  oenvert  some  paxti  of 
nortliem  stunted  forests  into  an  almost  impenetrable  tUcket  The  broad  palma  of  the 
horns  would  thus  facilitate  the  animal's  passage  as  he  dashed  throuj^  the  old  Ibiest^  while 
their  tynea  would  all  point  backwards. 
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The  remains  of  the  gigantic  Irifih  Deer  or  Big  Horn  are  found  as  far 
south  as  the  foot  of  the  Pyrenees,  and  abundantly  in  some  parts  of 
Austria,  although  they  are  most  nimierous  in  Ireland,  probably  because 
lakes  were  more  numerous  there,  in  the  clay  of  which,  and  in  the 
bottom  of  the  peat  bogs  that  eventually  spread  over  them,  the  remains 
were  better  preserved  than  elsewhere.* 

Not  only  was  the  Irish  Big  Horn  an  inhabitant  of  Europe,  but  some 
of  the  other  animals  which  inhabited  Europe  during  the  Pleistocene 
period  spread  into  that  part  of  it  which  now  forms  Ireland.  This 
is  certainly  true  for  the  Manmioth,  the  Rein-deer,  and  the  Cave  Bear, 
although  die  remains  of  these  have  not  been  found  so  abimdantly  in 
Ireland  as  in  England  and  many  parts  of  the  Continent. 

The  discovery  of  the  skeleton  of  a  Mammoth  (the  teeth  only  being 
preserved)  in  the  north  of  Ireland,  is  recorded  in  the  Philosophical 
Transactions^  in  a  letter  from  Mr.  Francis  Ncvil  to  the  Bishop  of 
Qogher,  dated  July  29th  1715.  The  bones  and  teeth  were  found  four 
feet  below  the  surface  in  sinking  the  foundations  for  a  mill  at  Maghery, 
eight  miles  from  Belturbet,  and  about  thirty  yards  from  the  brook  which 
divides  the  counties  of  Cavan  and  Monaghan. 

In  March  1859  the  bones  and  teeth  of  the  Mammoth  were  found 
in  a  cavity  opened  in  a  limestone  quarry  dose  to  the  town  of  Dungarvan, 
together  with  some  bones  of  the  Cave  Bear,  the  Brown  or  Fen  Bear,  the 
Rein-deer,  a  species  of  Horse  of  a  size  intermediate  between  the  common 
horse  and  the  Zebra,  and  the  bones  of  a  Hare  and  a  Fox  (Dr.  Carte's  paper 

*  In  a  discussion  at  the  meeting  of  the  Geological  Society,  Dnblin,  on  11th  December 
1861,  several  instances  were  mentioned  of  the  hones  of  the  Megaceros  being  found  in  peat 
hog,  where,  however,  they  seemed  to  be  generally  more  decayed  than  when  found  in  clay. 
Professor  Haughton  mentioned  the  discovery  of  a  perfect  skeleton  in  clay  not  more  than  a 
foot  and  a  half  from  the  surCace  in  county  Carlow,  and  the  Rev.  Mr.  Brown  stated  that  he 
was  present  at  the  disinterring  of  a  specimen  trom  a  sand  bed  in  an  Eslcer  ridge  between 
fiallinosloe  and  Ahascrea^  at  a  depth  of  fifteen  feet  flrom  the  surface,  the  bones  being 
greatly  decomposed. 

A  very  learned  pai>eT  on  the  Natural  History  of  the  animal  by  Dr.  Bcoulor  will  be  found 
in  the  first  volume  of  the  Journal  ot  the  Dublin  Geological  Society,  in  which  he  discusses 
the  mention  of  large  deer  by  Pausanias,  by  Julius  Capitollnus,  by  Oppian,  and  by  Pliny,  and 
also  the  mention  of  the  "  ScKdeh"  along  with  other  animals  in  the  Niobelimgen  lied ;  and 
enters  fUlIy  into  the  sul^ect  of  the  possible  identity  of  some  of  these  animals  with  the 
Megaceros  Hibemicus,  and  also  examines  the  evidence  then  known  as  to  the  association  of 
the  bones  with  human  implements.  He  also  mentions  the  finding  of  a  skeleton  in  gravel 
near  Enniskerry,  the  bones  being  quite  rotten. 

The  student  will  recollect  that  the  state  in  which  a  fossil  is  found  depends  on  the  mate- 
rial in  which  it  has  been  deposited,  and  not  on  the  time  it  has  lain  there.  Dr.  Bnckland 
had  soup  made  from  some  of  the  bones  of  extinct  animals  found  in  the  clay  of  a  cave  be- 
neath a  covering  of  stalagmite.  Wood  and  shells,  scarcely  at  all  altered,  are  found  in  far 
older  deposits  than  those  of  the  Pleistocene  period.  It  appears  then  that  the  bones  of  the 
Irish  deer  have  been  found,  lit,  In  Drift  sand  and  gravels ;  8d,  In  lacustrine  deposits  over 
the  Drift ;  and,  Sd,  In  the  peat  over  the  lacustrine  depoaiti ;  their  remains  being  best  pre- 
served in  the  second  and  wont  in  the  lint  case. 
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in  Journal  of  Royal  Duhlin  Society y  No.  xv.)  The  bones  were  said  to  have 
been  in  great  abundance  when  first  found,  being  covered  by  broken 
fragments  of  limestone,  which  Dr.  Carte  supposes  to  have  been  the  ruins 
of  the  roof  of  a  cave. 

The  lioms  of  the  Rein-deer  have  been  found  in  other  localities,  with 
those  of  the  Megiiceros,  iis  recorded  by  Professor  Oldham  (in  voL  iiL  of 
thtj  Jour,  of  the  Geol.  Soc,  Dub.),  where  he  describes  a  cutting  through  a 
l>og  at  Kiltieman,  a  few  miles  south  of  Dublin.  He  states,  that  in  a 
hiyer  of  about  two  feet  of  mud  and  vegetable  compost,  covered  by  two 
feet  of  s^mdj  and  that  again  by  four  feet  of  bog,  the  heads  and  antlers  of 
thirty  Elks  (Megaceros)  were  found,  together  with  two  heads  of  Kein- 
deer  >vith  perfect  honis.* 

Rein-deer  horns  arc  also  said  to  liave  been  found  in  Lough  Our, 
c(3unty  Limeiick  ;  and  the  skulls  of  Bears  (supposed  to  be  the  black 
l>ear  of  Eur(>i)e),  some  feet  beneath  the  surface,  in  bogs  in  the  counties 
of  Kildare  and  Westmeath,  and  also  in  the  county  of  Clare  (Ejcptana" 
tioa  of  $heH  133  of  maps  of  OeoL  Surv,  Ireland), 

Buckland  shewed  long  ago,  in  liis  Reliquice  Diluviaiiof  (of  which  he 
aftenvards  acknowledged  that  the  latter  part  of  the  title  originated  in 
mistake),  that  the  old  Bears  and  Hyajnas  of  England  and  Germany  inha- 
bited for  a  long  time  the  caves,  in  which  their  remains  are  most  abun- 
dantly found,  as  their  dens,  and  dragged  into  them  for  their  food  the 
other  animals,  or  pieces  of  them,  of  which  the  remains  are  also  found 
there.  In  the  dens  of  these  old  extinct  Hyaenas  of  the  British  islands 
the  bones  of  the  other  animals  are  found  broken  and  gnawed  as  Hyasnas 
now  break  and  gnaw  bones,  and  even  the  smoothed  rocks,  which  were 
the  old  rubbing  places  of  the  animals,  and  their  fossil  dung  (cojn'olites), 
have  been  preserved. 

T/ie  newer  Tertiary  Fauna  of  America^  Australia^  etc, — We  have 
already  seen  that  during  the  Pleistocene  period,  as  well  as  at  present, 
the  northern  regions  of  Europe,  Asia,  and  America,  formed  one  zoo- 
logical proA^nce.  It  appears  that  the  Mammoth  {EL  primigenius)  ranged 
quite  as  far  south  in  America  as  it  did  in  Europe  at  one  time,  and 
indeed  much  farther  south — {Sir  C,  LyeWs  Travels  in  N.  America^  voL 
ii.  p.  58)— if  the  identification  of  its  remains  by  the  American  geologists 
Ixj  a  correct  one,  and  there  be  no  other  species  there  corresponding  to 
the  El.  antifpius  or  prisons  of  Europe.  The  Mastodon  is  said  by  Sir  J. 
Richardson  never  to  have  gone  north  of  the  Saskatchewan  River,  about 
latitude  51^. — {Polar  Voyayes,  p.  296.)  Some  of  the  remains  of  Mas- 
todon, at  Big  Bone  Lick,  Kentucky,  were  comparatively  of  recent  date, 
since  a  half  digested  vegetable  mass  was  found  within  the  ribs  of  one 
skeleton. — {Lyell) 

*  I  b«IicTO  these  horns  were  more  like  those  of  the  Carabou  (Cerfbtwf),  or  Reindeer  of 
North  America,  than  those  of  the  Lapland  Reindeer. 
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In  the  southern  part  of  North  America  the  remains  of  animals 
called  Mastodon  giganteus  and  El.  primigenios,  and  an  animal  inter- 
mediate between  Lophiodon  and  Toxodon,  and  called  Harlanus  Ameri- 
canus,  a  fossil  horse,  and  others — (Lyelly  Q,  J,  O.  S.,  vol.  iL  p.  406) — 
are  found  together  with  those  of  Megatherium  and  Mylodon,  thus 
leading  us  to  the  remarkable  Pleiocene  and  Pleistocene  fossil  Mammalia 
of  South  America. 

This  South  American  fossil  fauna  includes  progenitors,  many  of 
them  gigantic  ones,  of  the  peculiar  existing  fauna  of  South  America. 
The  leaf-eating  sloths  of  the  present  day,  that  inhabit  trees,  were  preceded 
by  gigantic  sloth-like  animals,  that  tore  trees  down,  as  the  Mylodon, 
which  was  1 1  feet  long  ;  the  Megatherium,  18  feet  long  ;  the  Mcgalonyx 
and  Scelidotherium.  The  little  existing  Armadillos  were  anticipated 
by  the  Glyptodon,  whose  curved  back,  with  its  tesselated  coat  of  mail, 
measures  7  feet  across  and  5  feet  long ;  and  the  whole  animal,  from 
the  snout  to  the  end  of  its  loricated  tail,  must  have  measured  9  feet. 
The  Llamas  were  prefigured  by  an  extinct  genus  called  Macrau- 
chenia,  the  Opossums  by  extinct  species  of  Didelphys,  the  Platyrhine 
Monkeys  by  extinct  species  of  that  group  of  the  Quadrumana,  the  Tapirs 
by  species  of  Tapir,  and  the  Peccaries  by  five  extinct  species  of  Dico- 
tyles.  There  were  also  one,  if  not  two,  Mastodons,  an  extinct  species 
of  Horse  (of  which  no  living  representative  existed  in  America  when 
first  discovered  by  the  Spaniards),  and  extinct  species  of  Camivora 
{Felis,  Canis,  etc.),  and  other  animals.  MM.  Lund  and  Claussen  are 
said  to  have  brought  from  the  Cave  and  other  recent  deposits  of  Brazil, 
no  fewer  than  101  species  belonging  to  50  genera  of  animals. — 
(lyArchiac,  lid.  p,  de  la  O.^  voL  ii.  p.  383)— and  Charles  Darwin 
adde<l  to  the  list  (see  his  Naturalisfs  Voyage,  and  Otology  of  S, 
America y  etc). 

Australia. — Passing  over  to  Australia,  which  now  forms  such  a 
peculiar  zoological  province,  we  find  in  the  caves  and  the  recent  fresh- 
water deposits  of  that  country,  the  remains  of  many  extinct  animals, 
having  the  same  general  type  of  structure  with  those  that  now  live 
there.  Gigantic  Kangaroos  (Afacropits  Atlas,  and  Titan),  rivalling  a 
horse  in  size,  formerly  roamed  over  the  plains  ;  a  Wombat  (Phascolomy$ 
gigas),  as  large  as  a  Tapir,  and  an  animal  {Diprotodon)  intermediate  be- 
tween a  Wombat  and  a  Kangaroo,  also  existed,  the  skull  of  which  (now 
in  the  British  Museum)  is  3  feet  in  length,  and  another  {Nototherium) 
somewhat  smaller,  and  between  a  Kangaroo  and  a  Koala  (Pkascol- 
arctos).  These  animals  were  preyed  upon  by  carnivorous  marsupials  of 
corresponding  size  ;  the  ThglacoUo  having  been  as  large  as  a  Lion,  and 
other  lesser  ones  probably  existing,  of  less  size,  but  with  as  much  ferocity 
and  voracity,  perhaps,  as  are  possessed  by  the  living  carnivorous  marsu- 
pials now  restricted  to  Tasmania,  and   known  as  the  native  Tiger 

2h 
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{ThyUKintu  cynetephalus),  and  the  la&n  Devil  (Aujwtm  or  Sarea- 
philut  wtiHiu). — Otem'i  J'alaontology,  j 

Professor  Owen  has  aUo  described  a  gigantic  knd  lizard  (peibaps 
20  fei't  lung)  from  these  Australian  Pleiatocene  depodta,  under  the 
name  of  MfffaUmia  yritca — (Lin.  Tratuactioiu,  1868} — and  statee  that 
it  ia  edliud  to  the  pi«aent  Australian  Uoniton  and  Lace  Lizards. 

In  Nfie  Zealand  we  find  the  fomil  remains  of  a  gigantic  wingleos 
bird  {Dinoma)  allied  to  the  Btnall  wingteM  hiid  (Apttryx),  which  still 
lives  in  that  country  ;  another  eitinct  ally  of  it  behig  called  Palapteryx. 
Of  the  Dinumi^,  Prufi-saor  Owtn  believes  that  thetc  have  been  eight  la 
nine  epecieu  uf  various  sizes,  from  3  foet  to  10  feet  in  height.  He 
believes  that  he  has  good  eiiilence  that  at  least  one  speciea,  D,  eUpAait- 
tcpus,  so  noinud  from  its  toe  Ixtnes  rivalling  those  of  the  elephant,  was 
exttnuinated  by  the  natives  ;  its  bones  having  been  found  with  every 
appearance  of  having  been  cooked. 


In  the  Ifikcd  of  Mndogasrar,  gigantic  fo8ul  eggs,  thirteen  orfoarteea 
inches  long,  Lave  been  found,  and  also,  I  believe,  eoios  bonea,  and 
attributed  to  a  large  extinct  bird,  to  whidi  the  name  of  .^ij/omu  hae 
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been  given.  The  Mauritius  was  inhabited  by  the  Dodo  (Didus  ii\eptu8\ 
which  was  exterminated  by  the  Dutch  ;  the  islands  of  Bourbon  and 
Bodriguez  by  the  Solitaire  {Pezophaps) ;  and  the  little  islands  called 
Phillip  and  Norfolk  Island,  by  lai^  and  beautiful  parrots,  which  are 
also  now  extinct. 

The  Cape  Barren  goose  of  Bass's  Straits,  and  the  Black  Swan  of 
Australia,  are  destined  to  share  the  same  fate,  if  the  former  has  not 
already  undergone  it. 

Neither  is  this  dying  out  and  extinction  of  species  confined  to  the 
more  remote  or  more  newly  discovered  parts  of  the  world,  for  if  we 
return  to  the  northern  hemisphere  and  the  Atlantic,  we  hear  that  the 
Great  Auk  {Alca  tmpenis),  if  it  do  still  survive  on  an  islet  on  the  coast 
of  Iceland,  will  soon  disappear,  together  probably  with  the  last  of  the 
Pleistocene  mammals  that  yet  linger  on  the  earth,  namely  the  Musk 
Ox  (Ovibos  moschatus). 

The  local  extinction  of  species,  too,  is  remarkable  in  the  total  dis- 
appearance of  the  beaver  and  the  wolf  from  England  since  the  com- 
mencement of  the  historic  period  ;  and  the  still  more  recent  extermi- 
nation of  the  capercailzie  in  Scotland,  the  bustard  in  England,  and  the 
wolf  in  Ireland,  the  last  having  been  destroyed  in  Kerry  so  recently  as 
the  year  1710.  The  raths,  or  so  called  Danish  camps,  so  numerous  in 
Ireland,  were,  I  believe,  chiefly  old  cattle  folds  to  protect  the  cattle  at 
night  from  the  wolves. — (Scouler  on  AnimaU  which  have  disappeared,  etc, 
J.  D.  O.  S.J  vol.  i.) 

Flint  Implements  in  the  Drift, — The  mention  of  animals  that  have 
certainly  been  exterminated  by  man  during  historic  times  leads  us  na- 
turally to  the  investigation  of  the  question,  how  far  the  human  species 
may  have  existed  contemporaneously  with  some  of  those  which  have 
died  out  long  before  the  times  of  either  history  or  tradition,  and  how  far 
man  may  have  aided  in  their  extermination. 

For  many  years  statements  had  been  made  as  to  the  occurrence  of 
human  remains  in  caves  and  other  places  associated  with  the  remains  of 
extinct  animals  ;  and  also  that  skeletons  of  the  Insh  deer  {Me(j,  Ilih.) 
in  Ireland,  and  of  the  Mastodon  in  America,  had  been  found  bearing 
the  marks  of  wounds  inflicted  by  human  weapons. 

There  was,  however,  too  much  doubt  about  most  of  these  cases  for 
geologists  to  accept  them  as  conclusive  evidence  in  favour  of  the  con- 
temporaneity of  a  race  of  men  with  the  older  extinct  animals.*     Man 

*  The  human  skulLi  and  bones  described  by  Dr.  Schmerling  of  Liege,  in  1833,  as  found 
mingled  with  bones  of  many  extinct  animals,  in  a  care  200  feet  above  the  Meuse,  and  as 
being  in  the  same  state  as  to  ftactnre,  colour,  and  condition,  with  the  other  bones,  was 
justly  considered  a  strong  case  in  favour  of  the  human  and  animal  bones  having  been  de- 
po8it4.'d  <!ontemporaneoualy  by  natural  causes.  The  flint  implements  found  by  the  Rev. 
Mr.  M'Enery,  Roman  Catholic  clergyman  of  Torquay  (whose  name  all  geologists  were 
familiar  with  thirty  yean  ago),  in  the  cave  called  Kent's  Hole,  seems  to  have  been  another 
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digs,  and  may  tlioTcfore  have  dug  np  fossil  bones  or  bniied  ihose  of  his 
own  raco  ;  if  holes  in  Ix^nes  were  really  the  result  of  wounds  received 
diirin;^  lilV*,  tliey  may  have  lx?en  maile  by  homed  onimala  in  fight,  or 
by  Iianl  stakes  while  the  living  animals  were  penetrating  thickets,  or  by 
other  accidents.  Tlie  human  nkclcton  found  fossil  in  the  Island  of 
Gna<lal<)npe,  and  now  presented  in  the  British  Museum,  ia  encloaed  in 
n  conil  rcK'k  tliat  may  be  of  quite  recent  origin,  since  similar  rock  is 
fornuMl  now  in  the  banks  on  coral  reefs,  or  wherever  calcareous  grains 
are  heaped  upon  coiists. 

Discoveries  have,  however,  been  made  within  the  last  few  years, 
which  have  brought  the  results  of  human  workmanship  within  the 
scope  (»f  tlie  same  kind  of  evidence  as  that  on  which  the  geologist  relies 
in  all  liis  other  deductions,  and  which  clearly  proves  the  workmen  to 
have  been  cnnteni]>oraneous  with  the  Mammoth  and  other  extinct  ani- 
m(ds,  and  that  they  lived  at  a  time  when  the  physical  geography  of 
Noilheni  Fnuicc  and  Southern  Eugland  at  least  was  ra^cr  different 
fi^om  what  it  is  now. 

niesti  discoveries  are  excellently  described  by  Mr.  Prestwicli  in  the 
P/uloaif/i/tiotl  Tninsactmis,  1860,  part  ii.,  and  Mr.  J.  Evans,  in  the 
Ardnt:olotfkij  vol.  xxxviii.,  from  which  papers  the  following  account  is 
abstracte<l: — In  1841  M.  Boucher  de  Perthes  of  Abbeville  foimd  the 
first  Hint  nn]>lemcnt  in  the  drift  of  that  neighbourhood,  and  published 
an  account  of  his  discoveries  in  1847  and  1857  ;  but  it  was  not  till 
18r)9  that  his  work  attmcted  the  notice  of  geologists  in  general; 
and  the  French  louilities  were  visited  by  Messrs.  Prestwich  and  Evans, 
from  whose  reports  they  were  aftenn'anls  examined  by  Sir  C.  Lyell 
and  by  MM.  Desnoyers  and  Ilebert,  and  other  most  competent  and 
trust  worth  V  obser\'ers. 

The  river  Sonmic  now,  on  approaching  the  sea,  winds  througli  a 
valley  id^out  a  mile  in  width,  the  lM)ttom  of  that  valley  having  alluvial 
flats  of  silt  and  peat ;  and  the  Clialk  hills  on  each  side  of  it  rising  gently 
up  to  heights  of  200  to  400  feet  above  the  sea,  hills  of  500  or  600 
being  only  met  with  in  the  interior  of  the  country.  Abbeville  and 
Amiens  are  both  on  this  river,  the  first  at  fourteen,  and  the  latter  at 
forty-one  miles  from  the  sea,  the  mean  level  of  the  river  being  60  feet 
at  Amiens  and  18  feet  at  A1)beville  above  the  mean  level  of  the  tide  at 
St.  Valery  at  the  mouth  of  the  river.  The  Chalk  hills  are  covered  hen 
and  there  with  Drift  sands  and  gravels,  both  on  the  higher  grounds  and 
on  the  slopes,  down  to  the  river  valley,  where  the  Drift  passes  under  the 
silt  and  2>eat  of  the  alluvial  fiats.     This  Drift  is,  in  some  places,  SO  or 


good  enflc  in  proof.  Dr.  Falconer  has  lately  found  Implements  assoeUted  with  txmet  of 
tiiu't  nniinnls  in  a  cnve  near  Palermo  in  Sicily.  MM.  Land  and  Clanseen,  in  like  manner, 
found  Immau  runiains  asKooiated  with  those  of  extinct  animali  in  tiie  caves  of  Brasil,  under 
circumstances  which  satisfied  them  of  their  contcmpoianeona  existence. 
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30  feet  thick,  resting  on  an  uneven  eroded  surface  of  Chalk,  and  consists 
of  sands  and  gravels,  which  lie  often  in  regular  layers  over  considerable 
areas,  but,  like  all  such  deposits,  are  variable  in  the  thickness  and  con- 
stitution of  their  beds,  when  places  a  mile  or  two  apart  are  compared 
with  each  other. 


Camons.    R  fiomine. 

N.E. 


Railway 
cutting. 


Bt  AcheoL 


S.W. 


7loJl 


Fig.  123. 

Section  across  Valley  of  Somme,  near  Amiena,  reduced  from  Mr.  Prestwich's  section  in  the 

FhiL  Trans. — Horizontal  distance  about  2  miles. 

The  lower  part  of  this  section  is  in  chalk,  reprenented  by  the  horizontal  strokes.  The 
dotted  portion  represents  the  "  drift,"  in  which  the  flint  implements  are  found  associated 
with  the  remains  of  extinct  mammalia,  and  with  recent  land  and  fresh-water  shells,  and 
occAdionally  some  marine  shells.  The  undotted  beds  above  that,  and  on  the  slope  of  the  chalk 
at  Camons,  and  in  the  valley  south-west  of  the  hill  marked  210  feet,  are  the  brick  earth  and 
angular  flint  gravel    The  upper  undotted  part  on  the  flats  of  the  Sommo  is  silt  and  peat 

Marine  shells  are  found  in  the  Drift  at  some  places,  but  at  others 
land  and  fresh- water  shells,  of  the  same  species  for  the  most  part  as  now 
inliabit  the  country,  are  found  much  more  abimdantly  ;  teeth  and 
tusks  of  the  Mammoth,  remains  of  the  woolly  Rhinoceros,  and  other 
extinct  animals,  are  also  found,  and  also  a  number  of  flints  that  have 
obviously  been  worked  into  parts  of  weapons  or  implements  by  the 
hands  of  man. 

The  ilint  implements  and  extinct  animal  remains  are  found  chiefly 
in  the  lower  parts  of  the  Drift,  often  under  more  than  20  feet  of  lui- 
disturbed  stratified  sand  and  gravel,  and  evidently  deposited  in  the 
water  in  which  the  Drift  was  deposited.  They  occur  both  near 
Abbeville  and  Amiens,  at  various  heights,  up  to  90  feet,  or  thereabouU», 
above  the  river,  often  beneath  ground  which  is  the  highest  in  the 
immediate  neighbourhood,  having  gentle  slopes  from  it  in  all  dir<*ctionj«. 
It  is  therefore  impossible  with  the  present  outline  of  the  country,  and 
the  present  depth  of  the  river  valley,  and  relative  levels  of  land  and 
sea,  that  any  fresh-water  lake  or  river  could  have  existed  over  the  spots, 
and  yet  the  sands  and  gravels  have  evidently  been  dexx)sited  beneath 
fresh  water. 

The  following  is  a  section  of  one  of  the  gravel  pits  at  St  Acheul 
near  Amiens,  where  the  general  level  of  the  ground  is  149  feet  above 
the  sea,  and  89*  feet  above  the  Somme.     This  ground  sIoikjs  gently 

*  These  ii«  metioremcnts  aecontely  levelled  by  civil  engineers. 
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to  the  N.E.  for  al>out  a  quarter  of  a  mile  as  far  as  the  railway  cnttiiig, 
and  then  more  steeply  to  the  flats  of  the  river.  To  the  Bouth  of  St. 
Acheul  it  in  nut  commanded  by  any  higher  ground,  since  there  is  a 
hollow  Ijiitween  it  and  the  foot  of  the  hills  to  the  southward. — (See 

fig.  123.) 

Ft     In. 

4.  Surface  soil        ........        0      8 

3.  Brown  loam  in  four  beds,  some  of  them  slightly  calcare- 
ous, others  not  so;  a  few  naturally  formed  fragments  of 
flint  in  some  places;  no  organic  remains  or  flint  imple- 
ments.    This  is  the  Brick  earth         .         .         .  .      12      8 

2.  White  siliceous  sand  and  marl,  with  a  few  laige  suban- 
gular  flints  or  blocks  of  sandstone,  etcr^Land  and 
fresh-iraUr  shells  common  ;  some  Mammalian  remains; 
fint  imfilements)       .  .  ,         ,  ,         ,  •        4   10 

1.  Coai'se  subangular  flint  gravel  in  a  base  of  white  silice- 
ous sand,  with  whole  and  broken  flints,  pieces  of  Ter- 
tiary sandstone,  etc.,  and  Tertiary  and  Chalk  rolled 
fossils,  subordinate  seams  of  sand  sometimes  level 
sometimes  contorted,  i/(:/m;/ia^{Vin  remains,  and  jftnf  tm- 
jihiiitnts  disi)erscd  throughout,  but  chiefly  in  the 
lower  i)arts.  S/itlls,  mostly  in  fragments  (Helix, 
Limnea,  Pisidiumy  Pupa)  in  some  of  tlie  sand  seams       5     0 
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Tlie  flint  implements  are  foimd  in  some  pits  in  considerable  abimd* 
ancc,  in  others  rarely,  wliile  in  others  they  have  never  been  found. 

Mr.  Prestwich  believes  these  fresh-wftter  deposits  to  be  of  the  wfm<» 
age  and  character  as  the  Loess  and  Lehm  of  tlie  Rhine  valley. 

Similar  Hint  implements  have  also  been  found  near  the  village  of 
Hoxno  in  SulFolk  in  some  old  brick  pits.  They  were  described  by  Mr.  J. 
Frere,  in  a  letter  road  before  the  Society  of  Antiquaries  in  1797. — (See 
papers  by  Pirsiirich  and  Brans  already  quoted.) — ^Here  they  were  found 
in  clay  containing  fresh-water  shells,  and  having  some  layers  of  flint 
gravel,  the  whole  forming  a  lacustrine  deposit  in  a  hollow  of  the  Boulder 
Clay  which  caps,  or  rather  indeed  forms  the  bulk  of,  all  the  hills  around. 
This  fresh- water  deposit  rc^iches  within  6  or  8  feet  of  the  summit  of 
the  hill  on  the  slojHi  of  which  it  rests,  at  a  height  of  42  feet  above  the 
adjacent  brook,  53  above  the  neighlx)uring  river  Waveney,  and  112 
above  the  sea.  No  ground  more  than  a  few  feet  higher  exists  for  aome 
miles  around,  and  its  ]^>osition  is  such  that  "  no  existing  drainage,  nor 
any  ixjssible  with  this  configuration  of  the  surface,  could  have  formed 
these  clay  and  gravel  beds  at  the  relative  level  they  now  occupy." 
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(Frestwich,) — ^The  shells  prove  them  to  have  been  formed  in  a  small 
lake  or  mere. 

In  May  1861,  Mr.  Prestwich  read  to  the  Greological  Society  of 
London  a  paper  giving  accounts  of  more  recent  discoveries  of  flint  im- 
plements, with  remains  of  extinct  animals,  near  Bury  St.  Edmunds  in 
Suffolk,  near  Heme  Bay,  and  at  Swale  Cliff  near  Whitstable  in  Kent, 
near  Bedford,  and  in  Surrey  and  Hertfordshire,  and  calls  attention  to  many 
other  places  at  which  they  will  probably  be  found  when  searched  for. 

Nobody  could  see  a  tray  full  of  these  flint  implements,  such  as  the 
collection  of  Sir  C.  Lyell  and  others,  and  retain  a  remnant  of  a  doubt 
for  an  instant,  that  they  had  been  fashioned  by  human  hands.  Some 
of  them  are  like  rude  arrow  or  spear  heads,  while  others  seem  as  if 
intended  for  digging  or  grubbing  up  roots,  being  chipped  to  a  strong 
rather  curved  point  at  one  end,  while  the  natural  undulating  surface  of 
the  flint  is  retained  at  the  other,  the  flint  having  been  apparently 
chosen  on  account  of  its  natural  indentations  at  that  end  fitting  to  the 
shape  of  the  hand,  and  giving  a  good  grasp  to  the  fingers.  The  un- 
chipped  parts  have  the  natural  white  coating  which  is  commonly  seen 
on  weathered  flints,  while  the  chipped  parts  have  the  dark  colour  of 
the  interior. 

There  can  then  be  no  longer  any  doubt  that  man  not  only  existed 
on  the  earth  generally,  but  even  inhabited  these  countries,  before  the 
extinction  of  the  following  animals,  which  were  then  also  inhabitants  of 
the  same  r^on  : — Elephas  primigeuius  and  antiqiius,  Rhinoceros  tichor- 
hinus.  Hippopotamus,  Equus  fossilis,  Cervus  somonensis,  Cervus  tarandus 
priscus,  Bos  primigenius,  Ursus  spehcus,  Hyiena  spehea,  Fclis  spelsea  ; 
and  there  can  be  little  hesitation  in  admitting  that  Megaceros  Hibemicus 
and  others  were  most  probably  also  in  existence  then.  What  race  of 
men  it  was  that  had  to  defend  themselves  with  rude  flint  weapons 
against  the  great  bears,  lions,  and  hyaenas,  and  preyed  with  them  on  the 
old  reindeer  and  other  cervine  and  bovine  or  pachydermatous  and  pro- 
boscidean animals,  and  how  many  thousand  years  have  elapsed  since 
then,  we  are  left  to  conjecture. 

Any  one  who  has  read  carefully  the  preceding  pages  can  judge  for 
himself  as  to  the  time  requisite  for  the  animals  to  have  become  extinct, 
and  for  the  alteration  in  Uie  levels  and  the  minor  features  of  the  surface 
of  the  ground  to  have  been  produced. 

The  climate  may  have  then  been  more  excessive  than  now,  but  not 
perhaps  more  so  than  that  of  Newfoundland  at  the  present  day,  which 
is  in  the  same  latitude  as  the  northern  part  of  France,  and  is  still 
inhabited  by  reindeer  and  bears,  and  even  invaded  occasionally  by  the 
Polar  bear  landing  from  an  ice  floe,  and  which  a  century  ago  was  in* 
habited  by  a  race  of  Red  Indians,  who  lived  chiefly  on  the  reindeer, 
and  the  last  of  whom  have  either  perished  or  fled  to  the  Labrador  within 
the  last  thirty  yean. 


CHAPTER  XL 

THE  RECENT  PERIOD. 

Having  }>rought  dovm.  our  geological  history  to  the  recent  period  cha- 
racterisiMl  hy  the  existence  of  luuu  upon  the  earth,  we  might  natnnlly 
be  called  u]><)n  to  continue  it  even  to  the  present  day,  and  to  give  an 
account  of  tlie  geological  changes  that  had  taken  place  during  the  lapse 
of  human  history,  and  of  those  which  were  now  in  progress  around  ni. 
If  this  were  done  fully,  it  could  be  shewn  that  the  series  of  operations 
had  been  a  jxTfectly  continuous  and  equable  one,  even  although  onr 
liistory  of  them  might  be  incomplete.  Wliatever  may  have  been  the 
moral  significance  of  the  apiH?ar.mce  of  man  upon  the  globe,  it  has,  in 
a  natural  history  i)oint  of  view,  been  but  the  introduction  of  one  more 
animal,  superior  io  the  rest  in  intelligence  and  therefore  in  power.  We 
•  annot  find  any  geological  evidence  of  any  interruption  in  what  is 
commonly  called  the  "  courst*  of  nature,"  of  any  alteration  in  the 
])hysical  laws,  nor  any  tnices  of  a  general  cata8troi)he  or  cataclysm  or 
disturbance^  of  any  kind,  occurring  either  just  previous  to,  simultan^ 
misly  with,  or  subsecjuently  to,  the  introduction  of  man  \i\KHk  the  globe. 

It  is  imiK)ssil>Ie  to  a|>i)ly  a  literal  interpretation  to  the  account  of 
the  Noachian  deluge  given  in  the  Bible,  unless  we  are  allowed  to  assume 
that  it  was  a  peifectly  supematural  event,  during  which  all  the  ordinary 
natiu-al  laws  were  comidetely  suspended.  Water  enough  to  cover  the 
mountains  of  the  earth  must  have  been  miraculously  added  to,  and  mi- 
raculously removed  from,  the  globe,  without  leaving  any  trace  of  its 
l)resence. 

Geolc»gy  by  itself  shews  us  that  the  mechanical  erosion  of  onr 
present  dry  lands,  either  by  the  waters  of  the  ocean  or  those  of  the 
atmosphere,  has  been  going  on  uninterruptedly  from  a  vast  indefinite 
l^eriod  to  the  jin^sent  day.  Tlie  elevation  and  depression  of  the  surfiEUse 
of  the  solid  crust  of  the  globe  above  or  below  the  surface  of  the  ocean, 
seems  ecpially  to  have  acted  from  the  earliest  geological  periotis,  just  an 
it  is  now  acting  in  the  nineteenth  century,  and  even  if  it  could  be 
im)ved  that  its  former  intensity  of  action  must  have  been  greater  than 
now,  we  can  shew  no  proof  of  any  sudden  change  in  that  intensity  at  any 
particidar  jxriod  either  of  geological  or  himian  history.     The  alteration 
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in  tbe  rate  of  movement,  if  it  took  place  at  all  during  our  geological 
history,  was  as  gradual  an  alteration  as  the  movement  itself  was  always 
equable  and  gradual 

The  secretion  of  solid  matter  from  the  ocean  or  the  air  by  animal 
and  v^etable  life,  and  the  deposition  of  that  matter  as  a  solitl  compo- 
nent part  of  the  earth's  crust,  seems  also  to  have  been  going  on  from  an 
indefinite  period  of  past  time  uninterruptedly  down  to  the  present  day. 

Coral  Reefs, — ^The  vast  Coral  reefs  of  the  Indian  and  Pacific  Oceans, 
rising  from  depths  of  at  least  2000  feet,  are  grand  monuments  of  the 
duration  of  this  action.  Mere  centuries  seem  but  units  by  which  to 
coimt  the  time  that  must  have  elapsed  since  the  commencement  of  these 
great  bulks  on  the  coasts  of  the  submerged  lands  on  which  they  began 
to  grow.  Making  all  allowance  for  the  possibility  of  rapid  growth  in 
reef-making  corals,  we  coidd  not  conceive  it  possible  that  over  a  space 
of  a  thousand  miles  in  length,  a  foot  could  be  added  to  the  average 
height  of  the  reef  in  less  time  than  several  years.  Even  on  the  sup- 
position, then,  of  the  slow  subsidence  of  the  bottom  being  continuous,  the 
barrier  reef  of  Australia  (as  one  instance)  must  have  taken  several  times 
2000  years  for  its  formation.  But  we  have  in  reality  no  evidence  to  prove 
the  subsidence  of  the  base  and  the  growth  of  the  upper  and  outer  edge 
to  have  been  continuous,  and  it  seems  to  have  been  stationary  for  the 
last  1 00  years  at  all  events,  and  may  have  been  so  for  many  centuries ; 
and  such  pauses  in  the  movement  appear  rather  to  be  the  rule  than  the 
exception,  so  that  the  more  we  reflect  on  it,  the  more  does  the  date  of 
the  commencement  of  this  great  i-eef  recede  into  the  haze  of  past  time. 
And  what  is  true  of  this  single  instance  is  e(|ually  true  for  the  atolls 
and  barriers  over  the  space  of  6000  miles  in  the  Pacific  Ocean,  Their 
very  number,  too,  adds  to  the  length  of  time  that  unfolds  itself  before 
our  reason  as  a  necessity  for  their  formation,  since  it  seems  difficult  to 
imagine  them  all  to  have  begim  at  once,  and  the  subsidence  and  upward 
growth  always  to  have  been  in  action  over  the  whole  area  at  once,  and 
always  to  have  been  equal  in  amount,  so  as  to  reduce  the  time  to  a 
minimum.  When  all  the  significance  of  Dan!V'in*s  explanation  of  the 
formation  of  Coral  reefs  is  taken  into  account,  no  one  can  contemplate 
his  map  of  their  distribution  without  profound  interest.  They  are  the 
tombstones  erected  over  the  buried  mountains  of  a  submerged  land,  of 
the  former  existence  of  which  we  could  have  had  no  suspicion  if  it  had 
not  been  for  these  piles  of  the  skeletons  of  sea  creatures  thus  heaped 
upon  it  diuing  its  gradual  submergence. 

Volcanoes, — K  we  turn  from  the  Coral  reefs  and  contemplate  the 
extent  and  distribution  of  Volcanoes,  we  have  to  listen  to  another 
version  of  the  same  great  story.  For  this  purpose,  the  map  given  in 
the  Earthquake  Catalogue  of  the  British  Association,  by  Mr.  R.  Mallet, 
and  his  son  Dr.  J.  W.  Mallet,  is  a  very  convenient  one. 
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Beginning  in  tbc  South  Shetland  Islands,  in  lat  62^  south,  a  chain 
of  volcani>es  may  V>e  followeil  through  Tierra  del  Fuego,  and  along  the 
Andes  into  Guatemala,  and  tlie  West  Indies  and  Mexico,  and  thenoe 
along  the  Cai^caile  Range  into  Russian  America,  in  lat  62^  north.  Thii 
is  connected  by  an  east  and  west  band  through  the  Aleutian  lalanda 
with  the  Asiatic  volcanoes,  whicli,  conunencing  in  Kamtschatka  in  68^ 
north,  may  be  ftjllowed  down  the  Kurile,  and  Japanese,  and  Phillipine 
Islands,  to  the  Moluccas,  where  they  join  on  to  another  band,  that,  com- 
mencing on  the  coast  c»f  Binnoh,  sweeps  through  Sumatra  and  Java^ 
Bali,  Loni1x)ck,  and  Suniluiwa.  The  two  uniting  m  the  Moluccas,  nm 
thunce  along  the  north  coast  of  New  Guinea,  and  down  through  the 
intermediate  islands  to  New  Zealand,  south  of  which  the  line  seenu  to 
be  contiimed  through  the  Baileny  Islands  to  Mount  Erebus  and  Mount 
Terror,  in  lat.  78"^  south.  These  two  volcanoes,  rising  to  heights  of 
12,000  feet  among  the  eternal  snows  of  the  Antarctic  r^ons,  lie  be- 
t^'een  the  same  meridians  of  160^  and  170^  east,  as  those  of  the  north 
of  Kamtscliatka,  so  that  we  have  here  a  sinuous  volcanic  band,  ex- 
tending north  and  south  through  1 40^^  of  the  earth's  polar  circumfer- 
ence, or  between  9000  and  10,000  miles.  If  we  add  the  blanches, 
and  the  American  line,  this  length  will  be  about  doubled. 

Tlie  central  volcanic  islands  of  the  Pacific,  such  as  the  GalapSgos, 
the  Sandwich  and  Fidjee  Islands,  and  those  of  the  Indian  Ocean,  have 
also  to  be  reckoneiL 

Except  the  raised  coral  islands  of  the  Bermudas,  and  the  non-vol- 
canic islands  of  the  West  Indies,  all  the  islands  of  the  Atlantic,  from 
Trist;in  d*Acunlia  to  Icehind,  and  Jan  Meyen  Island,  are  volcanic,  and 
to  these  we  must  mid  the  volcanoes  of  the  Mediterranean  basin. 

The  volciinoes  of  Central  Asia  are  dying  out  simultaneously,  as  it 
appears  with  the  drying  uj)  of  the  waters  of  the  internal  basin  of 
drainage,  of  which  the  Casi)ian  and  Aral  Seas  are  the  remains.''^ 

*  I  do  not  know  that  it  has  ever  boen  remarked  that  the  Mediterranean,  and  its  depend* 
ancy  tho  Black  Sea,  and  all  the  countries  the  rivers  of  which  flow  into  these  seas,  bdo&g 
in  roality  to  this  great  internal  basin.  Tlie  current  always  running  in  through  the  Stimltf 
of  Gibraltar  Khows  that  suTtplios  from  the  ocean  are  necessary  to  keep  the  Mediterranean  Tip 
to  the  oeoHU  level  If  those  Straits  then  were  closed  by  land  ever  so  little  aboTV  thii 
level,  no  overflow  would  take  ])laoe  out  of  the  Mediterranean,  and  all  Southern  Earope  and 
North  Africa  would  1>clong  to  the  Hnntc  internal  basin  of  drainage,  separate  from  that  of  the 
groat  ocean,  whieh  extends  from  the  neighbonrhoo<l  of  St.  Petersburgh  to  the  borders  oC 
China.  It  is  remarkable  that  this  internal  basin  would  then  l>e  connected  In  the  moat 
intimate  manner  with  tlm  great  com]>lcx  mountain  chain  of  tho  Old  Worid,  ninning 
east  and  west  frotn  Spain  and  Mowcco  into  China.  If  we  regard  the  Pyreneea  and  the 
Atlas  OS  two  parallel  rordilleras  of  this  chain,  we  have  the  tabl\e  land  of  8paln»  and  the 
western  extremity  of  this  basin  between  them.  We  must  then  look  to  the  mountains  of 
Germany  and  the  Valdai  Hills  of  Russia  and  the  Altai  mountains  of  Asia  as  the  northem 
ranges  of  this  great  chain  throwing  off  the  drainage  of  its  outer  slopes  to  the  Aivtio  Ooeaa, 
and  regard  the  Mongolian  and  Ilimmalayah  mountains  as  its  eastern  and  southern  boiden 
in  Alia,  while  in  Africa  that  southern  border  must  be  extended  to  the  monntains  flrora 
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Thronghout  all  the  vast  spaces  thus  briefly  mentioned,  there  occur 
volcanic  cones,  composed  of  heaps  of  ejected  cinders  and  ashes,  with 
occasional  lava  flows,  all  braced  together  by  injected  dykes  and  veins  of 
lava.  These  external  pustules,  symptoms  of  Uie  internal  throes  of  the 
more  deeply-seated  masses  of  molten  rock,  have  all  been  accumulated  in 
the  same  way  that  we  see  them  now  being  accumulated.  Their  pre- 
sent intermittent  action,  indeed,  is  obviously  but  a  continuation  of  that 
which  has  been  going  on  from  their  commencement.  We  know  that 
many  of  them  have  lain  dormant  for  great  spaces  of  time,  and  then  burst 
forth  again  into  activity. 

Vesuvius  is  but  a  small  example  of  them,  and  it  must  continue  for 
an  immense  period  of  time  to  add  to  its  external  size,  before  it  could 
hope  to  rival  the  vastly  preponderating  bulk  of  Etna.  Yet  we  know 
that  Vesuvius  was  dormant  for  several  centuries  before  our  era,  and 
that  although  it  has  continued  active  ever  since,  yet  the  subsequent 
accumulations  have  not,  to  say  the  most,  doubled  the  size  of  the  moun- 
tain that  existed  before  the  year  ajd.  78. 

Etna,  from  all  the  descriptions  of  the  earliest  writers,  was  very  much 
of  the  same  height  and  bulk  2400  years  ago  that  it  is  now,  so  that 
Pindar  coidd  speak  of  its  being  the  pillar  of  Heaven  and  the  nurse  of 
"  everhuting  frosty  as  well  as  "  containing  the  fountains  of  unapproach- 
able fire." — {LyeWs  Princ^  chap,  xxiv.)  It  bears  on  its  flanks  volcanic  hills 
of  no  inconsiderable  magnitude,  and  Vesuvius  might  be  almost  hidden 
away  in  the  valley  called  the  Val  del  Bove,  that  runs  down  one  side 
of  Etna.  Its  base  would  cover  an  English  county,  and  its  simmiit  is 
nearly  1 1 ,000  feet  high,  the  whole  being  made  up  internally  of  nume- 
rous small  cones  of  ejection  buried  from  time  to  time  under  the  vast 
piles  of  dust  and  ashes,  and  the  rivers  of  molten  rock  that  have  pro- 
ceeded from  its  dominant  centre. 

If  we  reckon  from  what  we  know  of  the  mode  of  action  in  the  for- 
mation of  volcanic  mountains,  taking  into  account  all  the  pauses  which 
occur  between  the  periods  of  action,  to  what  date  are  we  to  refer  the 

which  the  Nile  descends.  All  the  high  lands  between  these  limits  consist  of  long,  but  often- 
interrupted,  east  and  west  ranges,  together  with  lofty  table  lands  singularly  alternating  with 
deep  basins,  one  of  which,  that  uf  the  Dead  Sea,  is  so  greatly  desiccated  that  its  waters  are 
now  1300  feet  below  the  ocean  leveL  The  Caspian  Sea  even  has  shrunk  to  a  depth  of  80 
feet,  and  the  Mediterranean,  and,  therefore,  the  Black  Sea  would  have  shrunk  had  it  not 
been  for  the  supply  through  the  Straits  of  Gibraltar.  Two  broad  spaces  of  low  land,  the  one 
in  Russia,  between  the  Carpathian  and  Ural  mountains,  and  the  other  in  Aftica,  between 
the  Desert  and  the  Libyan  Qulf,  seem  to  lead  into  this  interior  basin.  Was  it  formerly 
connected  with  the  main  ocean  through  these  spaces  T 

When  the  history  of  the  formation  of  the  countries  occupied  by  this  singular  complex 
belt  of  broken  country,  which  comprises  both  the  loftiest  peak  and  the  lowest  spots  of  dry 
land  in  the  world,  comes  to  be  completely  written,  the  connection  of  this  interior  basin  of 
drainage  with  the  mountain  ranges  and  table  lands  will  doubtless  be  found  to  be  an  im- 
portant part  of  it. 
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comnienoeiiu'iit  f»f  the  ejections  which  formed  the  old  moimtain  of 
VesuviiiH  as  it  stood  before  the  time  of  Pliny  ?  and  to  what  more  vast 
and  dim  aiitijiuity  are  we  to  reft;r  the  beginnings  of  Etna  I 

Lilt  if  the.se  two  mountains  give  rise  to  such  luianswerable  qnes- 
tion?%,  what  .shall  we  say  when  we  come  to  the  general  examiiiation 
of  the  far  lar^^iT,  far  loftier,  and  still  more  numerous,  volcanic  cones 
which  ivar  tlieir  heads  aloii^  the  lines  just  now  spoken  of  as  traversing 
whole  continents  and  cn)Si*ing  great  oceans  ?  The  number  of  cones 
must  be  taken  into  account,  }>ecau8e  while  we  know  that  all  the  cones 
of  a  j^ivat  district  are  often  donnant  together  for  long  ijcriods,  we  do 
not  know  of  any  instances  in  which  they  all  become  simiiltaneoosly 
active.  A  givat  eniption  in  one  is  indeed  often  sympathized  with  by 
others,  so  far  as  the  eniiasiou  c»f  smoke  or  slight  symptoms  of  activity 
are  concerned,  but  no  great  a<Mitions  to  the  bulk  of  these  piles  are  ever 
made  simultaneouslv  in  all. 

It  is  not  (^f  course  intended  to  assert  that  the  commencement  of  all 
the  great  active  volcimoes  of  tlie  world  dates  from  a  period  later  than 
the  creation  of  the  human  race,  though  most  of  them  seem  to  be  no 
older  than  the  existing  siHicies  of  Mollusca.  Whatever  may  have  been 
the  dates  of  their  origin,  however,  their  action  has  been  continued 
through  the  Kecent  pericnl  and  therefore  in  part  belongs  to  it. 

It  is  clear,  also,  that  since  the  ejection  of  these  piles,  so  many  of 
which  consist  of  loose  materials,  often  so  pumiceous  as  to  float  in  water, 
no  natund  deluge  could  have  swe])t  over  the  (Iry  land  without  leaving 
evident  tnices  of  its  passage,  neither  can  the  cones  have  been  ever 
quietly  submerged  beneath  the  sea  without  traces  of  such  an  occoirence 
being  disceniible. 

Mo  cements  in  the  Ci'ust  of  the  Earth, — ^Earthquakes,  which  are 
so  coninionly  the  acconi])aninient8  or  precursors  of  volcanic  erup- 
tions, ought  also  to  Ije  descrilx'd  in  our  continuation  of  geoloigicAl 
history  from  human  reci>nl3.  Tliey  are  obviously  the  external  symp- 
toms of  the  movements  generat^^-d  deep  in  tlie  earth's  crust  by  the 
action  of  the  heated  interior,  when  that  movement  becomes  convulsive 
instejid  of  etpiable.  Mr.  Mallet's  Earthquake  Catalogue  contains  an 
admirable  resume  of  their  history  from  the  year  1606  BXJ.  down 
\j^)  the  year  1842  a.d.  M.  Pern^y  of  Dijon  continues  the  account  to 
1850.  No  less  a  number  than  between  6000  and  7000  separate  re- 
corded earthquakes  are  discussed  by  Mr.  ^Ldlet  in  the  reports  attached 
to  his  C(t((do(/He.  During  the  last  four  years  of  his  Catalwfue^  he  men* 
tions  upwards  of  400  earthquakes,  or  an  average  of  about  two  a  week. 
If,  therefore,  we  allow  for  many  unrecorded  shocks  which  were  either 
too  slight  for  notice  or  occurred  in  jMirts  of  the  earth  where  no  record 
of  them  was  made,  we  shall  poiveive  that  the  crust  of  the  earth  is  in 
fact  in  a  peri)etual  state  of  vibration  and  trembling,  now  in  one  part. 
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now  in  another.  If  these  movements  are  so  often  felt  even  at  the  sur- 
face, it  seems  that  the  internal  and  deeper  seated  parts  of  the  earth's 
crust  must  be  still  more  firequeutly  affected,  and  by  movements  of  far 
greater  magnitude  and  intensity  than  those  that  reach  that  surface. 

Mr.  MaUet  discusses  the  relations  of  earthquake  energy  to  both  time 
and  space,  the  distribution  of  earthquakes  over  the  surface  of  the  globe, 
and  their  connection  with  volcanic  districts  ;  he  also  describes  the  laws 
of  motion  which  they  seem  to  observe,  comparing  them  with  the  vibra- 
tions produced  artificially  by  great  blasts  of  gunpowder,  and  gives  rules 
for  finding  the  depth  of  the  origin  of  the  shock,  and  directions  for 
observing  them  more  sjrstematically  than  has  hitherto  been  done. 

Conclusion, — ^These  four  great  actions  then — the  destruction  of  rock 
by  chemical  decomposition  and  mechanical  erosion, — the  formation  of 
rock  by  chemical  or  organo-chemical  consolidation,  and  by  mechanical 
deposition — the  intrusion  of  igneous  rock  from  below  into  or  over 
aqueous  rock — and  the  bodily  elevation  and  depression  of  different  parts 
of  the  earth-crust  thus  elaborated — ^are  still  going  on  now  as  they  have 
ever  done  from  the  earliest  periods  of  geological  history.  The  best 
account  of  their  recent  action  will  be  foimd  in  Sir  C.  Lyell's  Principles 
of  Qeology,  Some  knowledge  of  their  mode  of  action  now  is  necessary 
as  a  preliminary  to  the  study  of  their  past  results,  and  they  were 
accordingly  alluded  to  in  earlier  portions  of  this  work,  but  the  geological 
history  of  the  formation  of  the  crust  of  the  earth  would  be  obviously 
incomplete  without  some  mention  of  them  in  their  proper  place  at  the 
close  of  the  story. 

In  like  manner  an  account  of  existing  plants  and  animals,  the  laws 
regulating  their  structure,  their  classification,  their  mutual  relations,  and 
their  geographical  distribution,  would  form  a  fitting  close  to  the 
paheontological  account  of  the  extinct  species  of  past  times.  The  exist- 
ing Flora  and  Fauna  that  inhabit  the  globe  are  the  result  of  the  variation 
and  multipHcation  of  species  that  have  been  going  on  unintemiptedly 
along  with  the  physical  changes  that  have  acted  on  its  crust  No  vio- 
lent break  in  the  continuity  of  the  chain  of  descent,  no  universal 
destruction,  no  sudden  end  to  one  population  and  simultaneous  com- 
mencement of  another,  can  be  proved  to  have  ever  happened  or  even 
shewn  to  be  probable. 

Life,  to  the  fullest  extent  in  number  of  individuals,  and  to  the 
utmost  variety  of  forms  that  circumstances  would  allow,  and  with 
the  most  far-seeing  and  omniscient  provision  for  the  wants  and  neces- 
sities of  the  future,  has  evidently  been  the  all-wise  and  all-good  law 
of  creation,  governing  both  animate  and  inanimate  processes  from  the 
earliest  geological  period  down  to  the  present  time. 


Carredumi  in  the  Clatsifieaiton  of  the  Animal  Kingdom  ghen  at  page  876» 
etc — Since  Professor  Huxley's  tabular  classification  was  priDted,  I  kaye  recdfcd 
from  Professor  Kca^  Greene,  who  is  working  in  coijnnction  with  Profeflsor 
Huxley,   the  following  improvements  of  parts  of  it.     In  the  Bub-kingdom 

Annulosa,  the  following  changes  may  be  made : — 

Class  III. — Araehnida. 
Order  1.  Pycnogonida .    Nymphon.  Order  5.  Galeodea       .     Galeoo. 

2.  TardiffraJa     .     Water  Bears.  6.  Araneida      .     Spiders. 

3.  Acarida  .     Mites.  7.  Scorpionida .    Scorpions. 

4.  Phalangida     .     Harvest  Men. 

The  order  5  Tardigrada?  will  then  be  erased  fipom  Class  V.,  and  from 
Class  VI  the  Order  7  Rotifera  will  be  removed,  and  made  into  Claaa  YII 
Botifera,  In  the  sub-kingdom  MoUnsca  the  name  of  Class  III.  may  be 
altered  into  Pulmogatteropwla,  and  Classes  IV.  and  V.  may  be  made  into  one 
class  as  follows  : — 

Class  lY,  ^Branehiogatteropoda, 

Sub-CUist  A.— Br.  Dicbcia. 

Order  1.  Prosobranchiata       .        Wlielk,  Haliotis,  Vermetns,  limpet,  ChiUm. 
2.  Nucleobranchiata    .        Carinaria,  Atlanta,  Firola. 

Sub-  Clasi  B.— Bb.  Movociiu 

Order  3.  Nudibrancbiata       .        Doris. 

4.  Tectibranchiata      .         Aplysia,  Dipbylliia. 
The  Conchifera  will  then  form  Class  V.,  and  may  be  divided  into 
Order  1.  Siphonaria     ,        .        Chama,  Cockle,  Venus,  Pholaa. 

2.  Asiphonaria    .        .         Oyster,  Mytilus,  Area,  Unio.   

The  Brachiopoda  will  form  Class  VI.,  and  the  PcHyzoa  Class  VH,  with  the 
following  arrangement : — 

Obdeb  I. — Phylaetolamata, 

Sub-order  1.  Lophopaca         .        Cristatella,  Plumatella. 
2.  reuicelliuea      .        Pedicellina. 

Obdeb  II. — Gymnolcemata. 

Sub-order  3.  Umaiellea         Urnatclla.       Sub-order  6.  Ctenostomata     Bower^ 

4.  Paludicellia       Paludicella.  bankia. 

5.  Cyclostomata    Tubulipora.  7.  Cheilostomata  Flustra, 

E^hara. 
In  the  Pub-kingdom,  Protozoa^  the  name  of  the  Order  Lobosa  may  be  changed 
into  Amaaba,  and  that  of  Ueticularia  restored  to  the  better  known  term  Forami- 
nifera. 

The  Cretaceous  Bocks  of  Greece. — Since  the  chapter  on  the  Cretaceons 
period  was  in  the  press,  I  have  received,  bv  the  kindness  of  M.  D*Archiac,  the 
Comptes  Beiklus  tor  November  11,  1861,  in  which  he  gives  an  account  of  the 
observations  of  M.  Gaudry  on  Attica.  From  this  it  appears  that  Attica  it 
divisible  by  a  line  passing  through  the  Piraeus  into  an  eastern  and  western 
part  The  western  is  little,  if  at  all,  metamorphosed,  and  consists  of  a  thick 
grey  macigno,  like  the  Tertiary  Macigno  of  Tuscanv,  but  covered  with  wine-red 
schistose  marls  alternating  with  grey  limestone  ana  sandstone,  and  those  by  13 
to  1500  feet  of  Hippurite  limestone,  the  whole  being  believed  to  be  of  Cretace- 
ous age.  They  are  much  broken  and  contorted,  and  form  mountains  of  4400 
feet  in  height. 

In  the  eastern  part  of  Attica,  M.  Gaudry  believes  that  it  is  these  vexy  beds 
that  are  metamorphosed  into  the  talc  schists,  mica  schists  and  crystalline  lime- 
stones to  be  founa  there,  so  that  the  marbles  of  Hymettus  and  Pentelicns  are  of 
the  age  of  our  Chalk.  The  old  mines  of  Launum,  of  which  Xenophon  and 
Strabo  speak,  and  from  which  the  ancients  extracted  copper,  lead,  and  iron  ont, 
were  worked  in  these  Cretaceous  rocks. 


APPENDIX. 


ON  GEOLOGICAL  SUEVEYING. 

It  has  been  suggested  to  me  that  a  few  words  on  the  mode  of  setting  to 
work  to  make  a  geological  examination  of  a  country  would  be  found  usefoL 
Being  provided  with  a  large  and  smaU  hammer,  a  pocket  clinometer  and 
lens,  and  in  some  cases  a  small  bottle  of  dilute  acid,  the  next  requisite 
ifl  to  get  a  good  map  of  the  ground  to  be  examined.  The  scale  of  the 
map  should  be  laige  in  proi)ortion  to  the  minuteness  and  detail  of  the 
intended  survey.  The  Ordiiance  maps,  on  the  scale  of  six  inches  to  the 
mile,  arc  in  some  cases  too  small  for  accurate  work,  but  fur  any  amateur 
work  those  on  the  scale  of  one  inch  to  the  mile  are  generally  large 
enough,  and  their  execution  is  in  all  the  later  maps  very  good.  In  foreign 
countries  mai)8  on  a  much  smaller  scale  have  generally  to  be  used,  and 
often  very  imperfect  or  inaccurate  maps.  The  north  of  England  too  has 
not  yet  been  com])leted  by  the  Ordnance  Survey,  and  laige  parts  of 
Scotland  also  are  still  unmapped. 

Supposing  the  observer  to  be  provided  with  the  best  attainable  map, 
and  to  have  unlimited  time  at  his  command,  he  may  first  proceed  to 
make  himself  acquainted  with  the  geography  of  the  country  by  traversing 
it  in  various  directions,  viewing  it  from  its  hill-tops,  and  getting  a 
thorough  knowledge  of  its  external  fonn.  In  doing  this  he  must  note  the 
lithological  contditution  of  its  most  prominent  rock  masses,  and  deter- 
mine by  the  methods  pointed  out  in  chapter  iiL  whether  they  are 
stratified  and  aqueous  rocks,  or  unstratified  igneous  rocks,  or  i)artly  of 
one  and  partly  the  other  cliaracter. 

He  may  then  commence  his  more  detailed  survey  by  marking  down 
on  his  map  every  exposure  of  rock  on  the  exact  space  it  occupies,  and 
colouring  that  space  with  whatever  tint  he  may  select,  to  denote  the 
lithological  or  geological  character  of  the  rock.  If  his  map  be  not  suffi- 
ciently large  to  admit  of  this,  he  must  describe  the  rock  in  his  note-book, 
with  a  reference  to  the  exact  spot  as  accurate  as  he  can  contrive  to 
make  it. 
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If  he  find  notliing  but  igneous  rocks,  he  must  set  himself  to  deter- 
mine the  different  kinds  to  which  they  belong,  and  mark  down  on  his 
mai^  the  aifa  occupied  by  each.  On  the  Geological  Survey  carmine  is 
used  for  Gmnite,  a  pale  tint  for  large  granite  masses,  and  a  darker  colour 
for  Elvan  dykes  and  veins.  A  scarlet  colour,  composed  of  carmine  and 
cadmium  yellow,  is  used  for  Felstones,  and  all  the  more  purely  feldspathic 
traps,  and  would  be  of  course  used  for  Trachytic  lavas,  while  a  crimson 
(a  mixture  of  carmine  and  blue)  is  used  for  Greenstone,  Basalt,  and  the 
basic  trap  rocks  and  Doleritic  lavas.  The  varieties  of  each  of  these 
kinds  are  denoted  by  letters. 

In  determining  the  areas  occupied  by  each  kind,  the  observer  will 
of  course  note  the  relations  of  each  to  the  other,  and  whether  one  be 
intrusive  into  the  other,  or  what  other  connection  they  may  have. 

In  examining  stratified  or  acjueous  rocks,  the  observer  will,  in  the 
first  place,  seek  for  some  Icxiiility  where  the  best  '*  section"  of  these  can 
be  seen,  as  described  in  Chapter  XIL  The  sea  coast,  or  the  banks  of 
a  river,  or  an  iidand  cliff,  will  be  most  likely  to  afford  him  the  best 
natural  exposure  of  the  beds  ;  a  rail\^'ay  cutting,  or  a  road-side  cutting, 
or  a  deep  ditch,  or  any  other  longitudinal  trenching  of  the  ground,  will 
give  him  the  l)est  artificial  sections.  Failing  these,  he  must  visit  all  the 
quarries  or  jiits  of  the  district,  must  inquire  after  all  wells  and  mining 
shafts,  and  must  get  the  most  accurate  accounts  he  can  of  the  nature  of 
the  beds  that  were  passed  through,  and  of  their  "  lie  and  position,"  that 
is  to  say,  the  way  in  which  each  lay  in  the  groimd,  and  the  depth  and 
thickness  of  each,  making  particular  inquiries  as  to  the  "  dip  "  of  the 
beds,  or  the  direction  in  which  they  "  deepened,"  and  the  rate  of 
deepening. 

In  some  districts  the  rate  of  deepening  is  reckoned  at  so  many 
inches  in  a  yard,  or  so  many  feet  or  yards  in  a  hundred,  in  others  it  is 
stated  as  a  dip  of  a  foot,  or  a  yard,  in  so  many  feet  or  yards. 

Geologists  usually  state  the  number  of  degrees  at  which  the  beds 
incline  from  a  horizontal  jdane. 

Table  1  will  give  the  means  of  translating  either  of  these  modes  of 
expression  into  any  of  the  others,  it  being  understood  that  the  nearest 
whole  niunbera  are  taken,  and  those  figures  only  given  which  will  be 
found  useful  in  practice. 

The  observer  will  mark  on  his  map  by  a  small  arrow  the  direction 
of  the  dip,  and  write  the  angle  of  dip  in  figures  alongside  the  arrow,  or 
he  will  enter  the  information  in  his  note-book  to  be  transferred  to  a 
map  subsequently  if  necessary. 

In  any  operation  requiring  greater  exactness,  more  accurate  instru- 
ments than  a  pocket  clinometer  wiU  of  course  be  used,  and  the  calcu- 
lations be  made  accordingly. 
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Table  L 
Shewing  different  modes  of  stating  the  Dip, 

In  this  tdbUy  onlg  those  numbers  are  given  which  are  likely  to  he  found 
of  use  in  practice^  and  that  chiefly  to  the  nearest  whole  number,  omitti)ig 
fractions. 


Angle 
of  Dip. 

Incline  of 

Ft.  or  Yds. 
in  100. 

Inches  in 
a  Yard. 

Angle 
of  Dip. 

Incline  of 

FtorYda. 
inlOO. 

Inches  in 
a  Yard. 

V 
2° 
3° 
4° 
6° 

1  in  57 
1  in  29 
1  in  19 
lin  14 
1  in  11 

H 

9 

01 
1 

2 

I* 

30' 
35» 

68 
69 

21 
25 

40* 
46'' 

linl 

83 
100 

30 
36 

6° 
7° 
8° 
9° 

1  in  10 
1  in  8 
1  in  7 
line 

10 
12J 
14 
16 

4 

5 
6 

64'' 

2  in  1 

72° 
76° 
79° 

Sin  1 
4inl 
5inl 

11° 
14° 

18° 

lin  5 
1  in  4 
1  in  3 

20 
26 
33 

7 

9 

12 

81° 
82» 
83° 

6  in  1 

7  in  1 

8  in  1 
etc. 

20° 
24° 
26° 

1  in  2 

36 
44 

50 

16 
17 
18 

I 

In  highly  inclined  rocks  dipping  in  different  directions  the  amount 
of  dip  varies  so  frequently  that  minute  accuracy  in  observing  it  is  often 
waste  of  time  ;  but  the  strike  of  the  beds,  and  their  course  across 
the  country,  should  be  carefully  observed. 

Wlien  the  surface  of  the  ground  is  very  uneven,  the  observer  must 
recollect  tliat  the  strike  of  the  beds  will  not  correspond  with  th^ 
line  of  outcrop  on  the  map,  or  will  only  correspond  with  it  on  the  great 
scale,  that  is,  when  the  length  to  which  the  bed  may  be  traced  is  very 
large  compared  with  the  undidation  of  the  surface.  When  the  angle 
of  dip  is  low,  a  comparatively  small  undulation  of  the  groimd  will,  of 
course,  cause  the  outcrop  of  a  bed  to  deviate  widely  from  the  line  of 
its  strike :  and,  on  the  other  hand,  a  alight  change  in  the  strike,  or  in 
the  amount  of  the  dip  of  a  bed,  will  produce  a  much  greater  effect  than 
when  the  inclination  of  the  dip  is  a  high  one. 

The  observer  must  endeavour  to  keep  in  his  mind  the  ascertained 
thickness  of  the  group  of  rocks  he  is  tracing,  and  all  their  possible 
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<li:iu;j(*s  ill  (lij)  iiml  strikt>,  and  the  c<.)nsc<[uent  relatious  of  these  to  the 
ililVcunt  Iratun'snl'  tlii^  suifaco,  so  oa  to  guard  hiniBelf  against  being 
il«i*i'ivi'(l  i»r  l('»l  astray. 

ll«'  iiiu>t  also  iii»t  sjKiro  his  own  labour,  but  search  diligently  every 
Hnnan*  yanl  of  ,l:ihiuuI  mi  whicli  tlu'it;  is  any  possibility  of  rock  being 
i'\linsr«l.  *i«»  that  hi"  may  W  sun'  of  Wing  aoquaintoil  with  eveiy  ob- 
srivaM(>  Tart  hrlori'  he  (haws  his  cnnclusiun.*^  If  time  or  the  means 
at  IiIn  ili-pnsil  ill)  ii«a  aUiiw  oi*  his  surwy  being  thus  exhaustive,  he 
iiiu>t  ahNa\>  I'litcriaiii  a  ivrtain  amount  of  ilillidcnce  in  the  conclusions 

■ 

lu'  .\iri\rs  at,  auil  hi»hl  ihriii  i»ik'U  tt»  future  correction. 

ll  lu<  tnul  in  traciuv;  stratirutl  HK'k  tluit  the  ap|)caiimcofl  are  sachas 
ti)  irii«lrr  i«rt>Ki\di'  tht'  i'\i>tiMh.v  of  a  fiuilt  or  dislocation,  he  must  be 
paitirulailv  on  liis  ^uai>l  a,L:aiiist  aUowing  his  mind  to  jump  to  the  oon- 
ilii-ii»n  I  ha  I  it  o\i«ii<,  K-fpiv  lu»  has  put  that  existence  beyond  doubt. 

Kaiih<  or  ili>lov'ati(>ns  an-  doubt  loss  much  more  numen>us  than  we 
a  I  -  awarr  ot',  hut  tV^r  that  Vivy  n^ason  ^'reat  carv  should  be  taken  not  to 
iiuu>«hhv  thrui  on  ^iMih>;^i«.-al  niajw  oxccpt  in  the  precise  situations  and 
wiih  ihi«  |»i\'i'iM'  ilivraioiis  \>hiih  thoy  roally  hohL  I  speak  in  this 
maiii-r  fi\>m  ivi^oual  oximu.um'.  and  with  an  ample  mesisuiv  of  remorse 
for  uiv  own  >iu>  in  This  maiii  r.  It  is  x\w  vttot  into  which  nianv  *:fe*.i.> 
ci-^!'-  niv'^t  ia>il\  tall,  aud  which  tlu-v  oui^ht  to  be  nlo^l  warned  ajainjt 
U'v  \\\\  t'uiuiv.  M.»>t  v-i'n  ially  should  the  greatest  caution  Ke  ex^ivif^ 
hi  foTx*  ihr  tr.si  di>hva:i  u  i-  laid  d"wn  in  a  ilistrict.  If  one  liae  \i 
iauU  ht'  ]^:>»\iti  U\v,':ui  all  «.;:;» -t ion  t-*  ixi>t.  others  mu$t  alm-xsi  neces- 
s,i;i'»\  )v  v^vmMU,  i'tV.  r  r,;v.\IM  to  it,  .-r  more  or  less  nt-ailv  a;  ri-h; 
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beds,  he  can  detennine  approximately  the  depth  at  which  the  lower  Bet 
will  be  found  under  any  given  spot  of  the  upper.  For  this  purpose  he 
must  assume  the  surface  of  the  ground  to  be  a  plane,  and  then  if  neces- 
sary measure  its  undulations,  and  allow  for  any  departure  from  the  true 
plane.  The  thickness  of  the  beds  whose  outcrop  has  been  traced,  or 
the  depth  attained  in  a  given  horizontal  distance  by  any  one  of  them, 
may  be  leamt  either  by  protraction  and  measurement  or  by  calculation. 
The  following  table  will  save  trouble  in  most  instances  ;  the  thick* 
ness  measured  at  right  angles  to  the  dip,  and  the  depth  measured  at 
light  angles  to  the  horizon,  being  given  for  every  degree  up  to  20°  and 
for  every  6°  after  that,  that  will  be  attained  for  every  distance  of  100 
(feet,  yajds,  etc),  measured  horizontally  directly  across  the  strike  of  the 
beds : — 

Table  IL 

Depth  and  Thickness  Table, 

Horizontal  distance  =  100.* 


Angle  of  Dip. 

Depth. 

Thickness. 

Angle  of  Dip. 

Depth, 

Thickness. 

1° 
2° 
3° 
4° 
5° 

1-7 
8-5 
5-3 

70 
8-8 

1-7 
3-5 
5-3 

7-0 
8-7 

18° 
19° 
20° 

31-8 
34-5 
36  6. 

30-9 
32-6 
34-2 

25° 
30° 
35° 
40° 
45° 

46-9 
58-0 
70-5 
84-2 
1000 

42*3 
600 
57-4 
65-6 
70-7 

6° 
7° 
8° 
9° 
10° 

106 
12-3 
141 
16-0 
177 

10-5 
12-2 
13-9 
15-6 
17-4 

50^ 
55° 
60° 
65° 
70° 

1190 
1430 
1740 
214  0 
2750 

76-6 
81-9 
86-6 
90-6 
940 

11* 
12° 
13° 
14° 
15° 

19-5 
21*4 
232 
25-2 
26-9 

191 
20-8 
22-5 
24-2 
25-9 

75° 
80° 
85° 

3680 

5750 

11430 

970 
980 
99.0 

16° 
17° 

28*7 
30-7 

27-6 
29-2 

As  this  table  is  one  giving  the  solution  of  a  right-angled  triangle 
for  each  angle  specified,  it  may  be  used  to  find  any  dimension  which 

*  It  is  sometimeB  more  convenient  to  consider  the  horixontal  distance  1000,  when  the 
decimal  point  in  the  table  diiappears,  and  the  numbers  given  become  17,  85,  63,  etc, 
instead  of  17,  8*5,  5*8,  «te. 
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can  be  stated  in  the  form  of  a  right-angled  triangle,  as  for  calculating 
tlie  sjuicc  between  the  outcrop  of  two  beds  of  which  the  angle  of  dip 
is  kno>\ii,  and  the  thicknes8  between  them ;  the  distance  which  any 
Ix'd,  of  which  the  depth  and  inclination  are  known,  will  require  befove 
its  outcrop  at  the  surface  can  occur ;  and  so  on. 

By  means  of  this  table,  also,  the  probable  ^  throw"  of  faults  can  be 
a»<certained,  where  the  broken  ends  of  a  bed  on  opposite  sides  of  a  fault 
can  be  found,  and  a  certain  mean  angle  of  dip  assigned  to  the  whole 
If,  for  instance,  there  be  a  set  of  beds,  including  one  particular 


tao" 


tao' 


Fig.  124. 

To  illustrate  calculAtion  of  throw  of  fault 

by  table. 


ma.ss, 

bed  A  B  C,  which  are  traversed  by  a  fault  F  F  either  at  right  angles 
to  their  strike,  or  obliquely  as  drawn  in  the  fig.,  and  the  mean  dip  of 
the  beds  be  30"^,  and  the  outciS:>p8  of  the  broken  bed  A  B  C  be  found 

on  opposite  sides  of  the  fault  in 
such  a  position  that  the  strike  of 
the  piece  B  C  which  is  **  up- 
thrown,''  (when  produced  if  the 
fault  be  oblique  so  as  to  be 
measured  at  right  angles  to  A  B), 
be  found  to  be  150  yards  (or 
any  otlier  distance)  apart  from 
the  strike  of  the  "downthrown" 
piece ;  tlien,  as  the  table  will  give 
us  the  depth  which  the  downcast 
piece  has  attained  at  the  distance 
of  150  yards,  and  the  depth  ac- 
cordingly which  it  has  on  one  side  of  the  fault,  while  the  upthrown 
piece  crops  out  exactly  on  the  other  side  of  the  fault,  that  depth  is 
of  course  the  "  throw"  of  the  fault  If  it  be  100  yards,  then,  with  a 
(lip  of  30'',  the  table  shews  a  depth  of  58  yards,  which  is  the  amount 
of  the  downthrow  ;  if  150  yards,  it  will  of  course  be  58  +  y  (or 
29)  =  87  ;  if  200  yards,  it  will  be  1 16,  and  so  on  ;  and  if  the  dip  had 
been  12^,  and  the  horizontal  distance  100  yards,  then  the  throw  would 
Ix^  21-4  yards;  if  1000  yards,  the  throw  would  be  214  yards,  and  so 
on. 

*  Tlie  table  is  indeed  of  continual  use  to  the  practical  ^geologist,  in 
checking  his  i)reconceptions  as  to  depth  and  thickness,  amount  of  dislo- 
cations, etc.  etc.  etc. 

Construction  of  Sections. — The  formation  of  a  geological  map,  by 
joining  together  the  8ei)arate  appearances  of  the  outcrop  of  beds  at  the 
surface,  is  only  a  jwirt  of  the  work  necessary  to  convey  a  knowledge  of 

*  Messrs.  Troughton  and  Simms  of  Fleet  Street,  London,  have  preparad,  at  mj 
!^uii:};estion,  a  little  ivor>'  pmtractt^r,  on  which  this  Table  and  part  ot  Table  I.  arc  eugraTed, 
togctlier  w'itli  tlic  Rcales  of  the  six-inch  and  one-inch  maps,  which  the  obeenror  wiU  find 
V(;Ty  useful  to  Irnvc  lu  his  note  book  or  map  case.    Its  price  is  lOt. 


GEOLOGICAL  STJBVEYINa  7l7 

the  geological  structoie  of  a  country.     This  map  maj^^ften  be  taken  as 
a  horizontal  section  of  the  district,  formed  by  cutting  it  by  a  horizontal 
plane  at  a  certain  level,  and  removing  all  the  matters  above  that  plane. 
In  order  fuUy  to  understand,  however,  the  "  lie  and  position  "  of  the 
rocks,  it  is  necessary  to  have  a  vertical  longitudinal  section  which  shall 
shew  the  direction  and  amount  of  their  inclination  beneath  the  horizon- 
tal plane,  and  the  depth  attained  by  any  particular  bed  under  any  spot 
at  a  given  distance  from  its  outcrop.    For  this  purpose  a  horizontal  datum 
line  is  assumed,  which  is  generally  the  level  of  the  sea,  and  a  line  of 
country  selected  for  the  section  which  is  generally  taken  at  right  angles 
to  the  strike  of  the  beds.     The  undulations  of  the  ground  along  the 
selected  line  are  then  marked  in,  so  as  to  give  the  prox)er  heights  for 
the  different  points  above  the  assumed  datum  line.     If  the  scale  for 
horizontal  and  vertical  distances  be  the  same,  the  result  will  of  course 
give  us  a  true  profile  or  outline  of  the  features  of  the  ground.     This, 
however,  often  requires  the  section   to   be  drawn,   either  to  such  a 
great  length  as  to  be  unmanageable,  or  on  such  a  small  scale  that  the 
vertical  distances  are  too  minute  for  distinctness.     It  is  in  such  cases 
advisable  to  sacrifice  the  correct  outline  and  enlarge  the  heights  to 
several  times  their  due  proportion,  which  of  course  involves  a  corres- 
ponding distortion  in  the  angle  of  inclination  of  the  beds  and  their 
apparent  thickness,  and  so  on.     If,  however,  the  two  scales  be  given,  it 
is  easy,  of  course,  to  correct  the  apparent  distortion  by  calculation  and 
measurement,  and  learn  the  true  facts  from  the  section.     Having  got 
the  outline  of  the  ground,  we  must  then  insert  in  their  proper  places 
the  outcrop  of  the  different  beds  and  formations,  or  masses  of  igneous 
rock,  faults  or  veins,  etc.,  as  noted  on  the  map  or  in  the  observations  in 
the  note  book,  and  draw  them  at  their  proper  angle  if  the  section  be  on 
the  natural  scale,  or  at  a  calculated  angle  if  it  be  distorted.     This  calcu- 
lation can  easily  be  made  from  Table  II.  by  ascertaining  what  depth  any 
bed,  etc,  would  reach  in  any  given  horizontal  distance  at  the  real  angle, 
and  drawing  them  so  as  to  be  at  that  depth  at  that  horizontal  distance 
in  the  distorted  section. 

When  a  section  is  drawn  across  a  greatly  disturbed  district, 
parts  of  it  will  almost  of  necessity  be  drawn,  not  directly  across  the 
strike  of  the  beds,  or  with  their  dip,  but  more  or  less  obliquely  to 
it.  Sometimes  the  section  might  imavoidably  run  along  the  strike  of 
the  beds  for  some  distance,  if  so,  the  beds  will  of  course  appear  to  be 
horizontal  in  that  part  of  the  section,  since  they  will  dip  either  directly 
from  or  directly  towards  the  spectator,  and  will  therefore  incline 
neither  to  his  right  nor  to  his  left  hand.  When  the  section  runs 
directly  across  the  strike,  it  will  of  course  represent  the  true  dip  of 
the  beds.  If  it  go  obliquely  across  the  strike,  then  it  will  represent 
the  dip  at  some  intennediate  angle  between  the  horizontal  line  and  the 
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true  dip.  As  the  calculation  of  the  proper  correction  to  be  made  for 
this  obliquity  in  tlie  line  of  section  is  rather  troublesome,  and  as  in 
Bonic  iiisttinces  it  is  advisable  that  it  should  be  given  correctly,  not 
only  for  the  puq>ose  of  determining  the  depth  of  beds,  but  also  for 
dra^^ing  tlie  true  angle  of  lines  of  faults,  joints,  veins,  dykes,  and 
dcavage  }>Iaiies,  the  following  table  is  added.  This  is  taken  from  one 
which  I  coiuitructed  for  my  own  use  when  running  sections  in  North 
Wales,  but  the  nearest  whole  numbers  are  only  stated  in  it,  and  the 
lower  degrees  of  di])  and  obliijuity  omitted,  as  neither  they  nor  the 
minutes  of  degrees  are  practically  useful 

Table  IIL 
Oblique  Section  Table, 


Anglo  l>otw»Mrn 

the  ilireetinii  ; 

of  the  <lip  And, 

tiiat  iif  thi'    ! 

stiction. 

Angle  of  the  Dip. 

Deps. 

1 
Dcgs. :  DcRs. 

Dcgs.   Dcgs.  Degs. 

D«gB. 

Degs. 

DegB. 

DegB. 

D^ 

I>''i!»-        i 

40 

45 

50 

55 

60 

65  . 

1 

70 

76 

80 

86 

89 

40 

32 

37 

42    i 

;  47 

53 

5S 

64 

70 

77 

83 

88 

45 

30 

35 

-10 

45 

51 

56 

62 

69 

76 

83 

88 

50 

1    28 

32 

37 

42    !   48 

54 

60 

67 

74 

82 

88 

55 

25 

2y       34    1 

39 
35 

45 

51 

1 

67 

65 

73 

81 

88 

60 

22 

26 

31 

41 

47 

1 

54 

62 

70 

80 
78 

88 

65 
70       , 

19 

23 

27 

31 

36 

42 

1   49 

57 

67 

87 

10 

19 

22 

20       30 

36 

1   43 

52 

63 

76 

87 

75 

12    i    M 

17 

20 

21 

29 

j   35 

44 

56 

71 

86 

80 

8    i    10 

12 

i    14 

17 

20   i-   25 

33 

44 

'   63 

84 

85 

4 

5 

C 

1 

7 

8 

10 

13 

18 

26 

45 

79 

89 

1 

1 

1 

2 

2 

3 

4 

5 

11 

46 

A'orr.— This  taMo,  in  a  fulkr  fonn,  is  given  in  the  Appendix  to  the  Geology  of  the  Bonfh 
Staffordshire  Coal-fiold. —<3fcnM.  Geol.  Suri-cy.) 

The  angles  stated  in  the  first  column  are  those  between  the  diiee- 
tion  of  the  line  of  section  and  that  of  the  dip  of  the  bed,  fault,  voiziy 
cleavage  i)lane,  or  other  inclined  line  tliat  is  to  be  inserted  in  the 
section.  This  insertion  can  be  correctly  made  (in  a  section  on  the 
natural  scfde),  by  seeking  in  the  table  the  number  which  will  be  found 
at  the  intersection  of  the  requisite  horizontal  and  vertical  colunina. 
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If,  for  instance^  a  section  be  drawn  along  a  line  which  crosses  the 
line  of  dip  at  55%  and  the  beds  at  one  part  dip  at  65°,  they  would  be 
represented  as  they  would  be  seen  in  a  natural  vertical  cliff  if  one  ran 
along  that  line  of  section,  by  drawing  them  at  an  angle  of  51°.  If  they 
changed  their  strike  a  little  farther  on,  so  that  the  stmight  line  of  sec- 
tion crossed  their  new  dip  at  an  angle  of  75°,  their  apparent  dip  should 
be  reduced  to  29°,  giving  them  the  requisite  curve  between  the  two 
dips  at  the  part  where  the  l)eds  curved  their  strike. 

The  "  angle  between  the  direction  of  the  dip  and  that  of  the  section" 
is  always  to  be  calculated  on  that  side  of  the  section  where  the  angle 
between  them  is  less  than  90°,  and  the  direction  of  the  dip  in  the  sec- 
tion is  to  be  drawn  accordingly.  If,  therefore,  the  angle  between  them 
be  large,  and  the  direction  of  the  section  be  slightly  changed  at  one 
point,  so  as  to  shift  the  side  on  wliich  the  lesser  angle  lies,  the  apparent 
dip  in  the  section  will  have  its  direction  changed,  although  no  change 
has  taken  place  in  reality.  Suppose,  for  instance,  the  cleavage  planes 
in  a  certain  tract  of  country  dip  due  N.  at  80°,  and  a  section  be  taken 
across  that  ground  in  a  direction  from  W.  5°  S.  to  E.  5°  N.  up  to  a 
certain  point,  the  spectator  being  supposed  to  be  looking  towards  the 
north,  the  angle  between  that  section  and  the  dip  of  the  cleavage  planes 
being  85°,  they  will  be  drawn  in  the  section  as  dipping  at  26°  to  the 
east  or  towarcls  the  spectator  s  right  hand.  If,  however,  the  direction 
of  the  section  be  changed  at  that  point,  and  it  be  continued  on  a  line 
from  W.  6°  N.  to  R  5°  S.,  the  direction  of  the  dip  of  the  cleavage  j)lane8 
must  of  course  be  altered,  and  they  must  be  drawn  aa  if  dipping  at  26° 
to  the  west,  or  towards  the  spectator's  left  hand.  It  is  obvious  that  this 
would  be  their  appearance  if  two  real  cliffs  were  to  be  formed  running 
in  the  directions  above  named,  and  meeting  in  a  comer  at  an  angle 
of  170°.  The  cleavage  planes  would  go  straight  across  from  the  one 
to  the  other,  and  would  rise  from  the  base  towards  the  summit  of  the 
cliff  on  either  hand  of  the  sjMictator,  or  dip  from  the  summit,  towards 
the  foot  of  the  cliff,  on  each  side  of  the  spectator  as  he  looked  north- 
wards towards  the  junction  of  the  two  clifle. 

It  must  be  recollected,  that  if  the  section  be  not  drawn  on  a  natural 
scale,  but  on  two  scales  differing  in  height  and  length,  the  dip  must 
first  be  drawn  with  the  requisite  amount  of  exaggeration,  as  before  de- 
Bcriljed,  and  then  that  must  be  measured  and  the  proper  correction  ap- 
plied to  it  if  the  line  of  section  be  oblique  to  it  This,  however,  will 
not  often  be  required  except  in  mining  sections. 

One  error  to  be  guarded  against  in  constructing  sections  is  the  very 
natural  one  of  supposing  that  all  the  intermediate  pieces  of  groimd, 
between  the  parts  where  the  outcrops  of  the  beds  are  to  be  seen,  are 
occupied  by  beds  dipping  at  the  same  angle,  or  even  in  the  same 
direction^  as  they  do  in  those  parts.     It  may  happen  that  the  outcrop 
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of  l>e<ls  is  visible  only  in  those  places  where  they  are  more  highly  in- 
clined tlian  nsual.  It  may  even  be  the  case  that  only  those  parts  which 
(lij)  in  one  direction  are  visible,  while  the  intervening  concecJed  parts 
dip  in  another  direction.  Very  serious  errors  have  in  this  way  crept 
into  many  sections  published  by  even  high  authority.  It  is,  however, 
one  that  should  be  strenuously  guarded  against,  for  which  purpose 
the  sections  lately  published  by  the  Geological  Survey  in  Ireland  have 
only  those  beds  engraved  on  them  which  are  certainly  known  to  exist, 
the  iutennediate  spaces  being  left  blank,  and  as  far  as  possible  omitted 
in  the  calculations  for  thickness. 

The  student  may  be  often  at  a  loss  to  find  the  real  heights  of  the 
places  his  st^ction  passes  over,  as  levelling  is  a  troublesome  and  some- 
times ex])ensive  oi>eration.  The  Aneroid  Barometer  will  often  assist 
him  in  determining  the  hi^'hest  and  lowest  points  of  his  section  with 
comparative  facility.  If,  however,  this  be  unattainable,  he  will  almost 
always  be  able  to  leam  the  height  of  some  of  the  canals,  railways,  or 
roads,  or  the  height  of  s^)me  river  or  other  object  in  his  neighbourhood, 
from  which  the  altitude  of  other  points  may  be  estimated  with  sufficient 
accuracy  for  his  purpose.  If  he  once  get  the  height  of  any  point  in  the 
main  river  of  a  district,  he  will  know  that  no  piece  of  ground  from 
which  the  water  flows  towards  that  point  can  be  at  a  lower  level  than 
it,  and  will  thus  get  a  limit  in  that  direction  for  the  depth  of  his  undu- 
lations, while  the  altitude  of  the  highest  hill  in  his  district  will  give 
him  a  limit  in  the  other  direction,  and  by  constantly  referring  to  these 
two  he  will  generally  be  able  to  construct  a  geological  section  with  suf- 
ficient ai)i)roximate  accuracy  for  ordinary  purposes.  An  error  of  twenty 
or  thirty  feet  will  be  of  no  real  importance  to  him,  when  he  recollects 
that  in  his  section  it  is  probably  included  in  the  breadth  of  a  pencil 
line. 

Sections  for  practical  ojierations,  such  as  mining  or  engineering,  or 
in  those  cases  where  important  conclusions  are  to  be  drawn  from  the 
relative  heights  of  particular  points,  are  of  course  to  be  treated  on  quite 
dift'erent  i)rinciples  from  those  geological  sections  which  are  often  only 
diagrammatic  representiitions  of  the  general  facts  as  to  the  superposition 
of  gioups  of  beds,  useful  to  ascertiun  only  their  average  thickness  or  to 
point  out  their  mode  of  occurrence  beneath  the  surface. 
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KoTC— In  the  following  Index,  an  attempt  is  made  to  nmte  to  some  extent  an  index,  a 
dictionary,  and  a  "gradoB."  The  Greek  words  hare  the  explanation  only  added  in  italics ; 
those  derived  ftrom  other  languages  have  their  source  pointed  out  Among  the  palseontolo- 
gical  terms,  it  is  not  always  easy  to  find  out  what  the  idea  was  in  the  mind  of  the  describer, 
and  what  Greek  words  the  name  is  derived  from.  Some  words  have  quite  hafBed  any 
research  I  was  able  to  make,  and  others  remain  doubtful.  Another  source  of  difflcidty  in 
discovering  these  derivations  is  the  difference  of  the  letters  adopted  in  writing  the  Greek 
and  Latin  alphabets.  The  Latin  "  o  "  seems  to  have  been  always  used  as  the  equivalent  of 
the  Greek  "  k."  It  appears  that  the  Romans  pronounced  Cicero  and  Cesar  as  Kikero  and 
Ksesar.  The  Greek  ^'n"  is  in  like  manner  always  written  "y"  in  the  Roman  alphabet. 
Perhaps  we  find  a  clue  to  this  custom  in  the  Welsh  language  at  the  present  day,  where  the 
words  "  cy,**  a  dog,  and  "  du,"  bkickf  are  pronounced  as  if  spelt  '*  kee,**  and  "  dee ; "  and  the 
word  "  dyfl^,"  a  paUetft  is  pronounced  as  if  spelt  "  dufBrin."  The  Romans  having  con- 
founded the  Greek  long  and  short  o  and  the  long  and  short  e,  each  under  one  letter,  is 
another  cause  of  difficulty  in  detecting  the  Greek  words  in  a  Latin  dress,  more  especially 
where  the  composition  of  two  or  more  words  is  irregularly  made.  In  some  words  also  the 
Greek  aspirate  has  been  omitted,  apparently  (h}m  inadvertence,  as  it  is  only  marked  by  an 
inverted  comma,  and  not  by  a  separate  letter.  It  is  pretty  certain  that  not  only  was  Uie  c 
always  pronounced  as  k,  but  that  the  Greeks,  and  probably  the  Romans,  never  used  the  soft 
sound  of  "  ch  "  or  of  "  g,"  and  that  in  Greek  words  these  letters  should  always  be  hard 
Nobody,  however,  would  now  like  to  be  guilty  of  the  pedantry  of  pronouncing  geography 
with  a  hard  initial  g.  Custom  in  this,  as  in  other  cases,  gives  ns  the  decision  and  law  for 
speaking. 

I  have  been  in  some  doubt  as  to  tiie  proper  quantity  of  the  "  i "  in  the  tennination  **  ites," 
as  if  it  be  derived  fh>m  "lithos,"  as  is  commonly  said,  it  would  seem  necessarily  short ;  it 
appears,  however,  that  in  the  Greek  word  "  purites"  or  "  pyrites,*'  the  i  was  long,  and  that 
may  be  token  as  a  guide  for  other  words.  Where  the  word  lithos  is  preserved  entire,  as  in 
graptollthus,  it  should  obviously  retain  the  quantity  of  the  originaL 

I  believe,  on  the  other  hand,  that  the  termination  "  ide  **  or  "  ides,**  signifying  a  group 
or  family,  should  have  the  *'  1**  short  J.  B.  J. 


Aacheniew,  systtoie,  6S8 
Abbeville  on  R.  Somme,  700 
Aben'stwyth  rocks,  452 
Abich  on  clinkstone,  68 

on  pumice.  64 

— on  trachydolerite,  67 

on  trachytic  tuff,  68 

on  proportion  of  silica, 

92 
Abietites  (abiesfmO),  6S0 

Benstedi,  607 

Abrauchiata  (without   gUU), 

376 
Absence  of  London  Clay  in 

France,  183 
Absence     of     Carboniferous 

slate  north  of  Cork,  184 
Acadian  Geology  of  Dawson, 

532 


AcanthoeephUa  (thom^head- 

edX880 
Acanthoccenia  (apPne  a»nia\ 

630 
AcanthMes  (thomy\  640 
AcanthOcUdiB  ($piny,^trfbe\ 

496 
Acanthomfitra  {thorny  mea- 

9unX  883 
Aoantnospon^       (thorny 

tpongeX  461.  464 
Acanthotenthis  (spiny  aquid), 

606 
Acdpen8er(a  fh(riireon,]at)6S8 
Acervulaiia  (little  heaps,  latX 

487 

anftnas,  flg.,  473 

Acdr<Stherium  (hornless  heasO, 

665 

2l 


Aoestros  (spwrUss),  658 
Achatlna  (aoate4ike\  653 

costellata,  flg.,  649 

Achillenm      (belonging      to 

AchiUes,  Ut),  630 
Add,  mesjiing  of  in  Chemis- 

Add  igneons  rocks,  57 
Addaspis  (peak  shield),  455, 

468,  465,  490 

Banmndii,  475 

callipareos,  471 

coronata,  479 

—  JamesU,  461 
AootylMdnes  (tpithont  cotyli- 

dons\  883 
AcrocfUia  (point  baa\  487 
-.  euomphaloides,  477 
haUotis,  478 


722 
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Aorndui  (peak  tooth),  832 

liraunii.  549 

Uaillanloti,  551 

ininiinuH,  556 

uobilis,  bdS 

Ai:n'igeu8    {»umm,U  ffrowers), 

iib:i 
Acroj^thns    (j>eak    jav), 

C31 
Acrolfiifs  (jwint  soah),  547 

Bi'd^vrickii,  54*2 

Acroaaleuia    (hump  9nlcnia\ 

595 

(IcconitA,  fig.,  630 

hcmicidaroi«le8, 


574 


I 


AcruHiichites  (i)e€ik  stiBchas), 

594 
AcrotcmnuB  (top  cut),  A31 
Acta.-on  (my/Ai'cnZ  name),  595 

atniiiH.  013 

Acttvouina  (dim,  cf  AciceonX 

595 
Aetiiificria  (ray  point),  630 
Actinia  (rayt'd  thitigs),  489 
Actiiioc'^lras  {ray  hum),  540 

giganUium,  589 

Actin<x'rlnu8  (ray  lily),  488, 

509,  540 

imlchcr,  474 

triaf>ont:i<lactJ'lu8,  530 

Actiii61it«  (my  «tonc),  38 

8(^hi8t,  169 

AntiiK'iplirj's  (rayed  eyibroic), 

88*2 
ActiuoiHira(r«yporf),  031         j 
Ai'tiniizoa    (rayed    animai^),  \ 

3S1,4S9  I 

Adfljiis  (tiot  hnfing  a  velvet 

cixit),  6:.4,  6.'.6 
Adillastrtca  (obtcure  star),  591, 

632 
Adelocrlnus  (uncertain,  lily), 

5KG 
AiivoTh\H(ai>proaching  a  circle. 

Int.),  «o3 
AdiuntitcH    (that    cannot  'he 

icelted),  498,  535 

HilKjmicuH,  fig.,  499 

Adit  (wining  term),  370 
Adininilty  Muniiai  of  Idcicnti- 

Hc  liii|iiir>',  108 
Admlraltv    Coal     Investiga- 

tioiLs  (Mem.  GcoL  Survey, 

vol.  1),  152 
Adiilariu  (from  Adula,  apeak 

of  St.  (iotthai-d),  44 
£chin6du8  (lance  tooth),  595, 

632 

—  Lt'achii,  568 

i!;i;;]Tna  CEgli,  a  nea  nymph), 

455,  460,  463,  465 

hiiiodosa,  447. 

inirabili8,  451. 

iE|>3'<>rui8    (tall    bird),    394, 

698 
Aerial  rocks,  52,  54, 154 
iKshna  (       t        )  perampla, 

587 
/£Uuilium  (burning),  382 


4£thophyllnm    Qmmt    Utnf), 

549,  559 
iEtiia,  lava  of,  resemblance 

of  Limerick  tra]M  to,  825 

fonn  of,  883 

iKti  iKit  \a  (aetobatlB,  tagU  ray- 

fijih),  653 
Afflnitv,  elective,  IS 
After  damp,  370 
Agato  (from  rir.  Aekaiea),  33 
AgiMiiz's  onlers  of  flsh,  878 
Agansiz  on  glaciers,  104 
Age  of  Leijister  gnmite,  811 
Agf  lacrinitea,  380,  465 
Agebicrinus  (gregarioue  lUy) 

Uuchiaims,  450,  463 
Agger  or  Lenne  group,  50S 
Agiio8tu8  (u  fikMiwn),  4u5, 400, 

463 

plHiformls,  fig.,  444. 

trlnddus.  flg.,  451 

AgnlliAH  eurri'ut,  transport  of 

matter  by,  114 
Alierlow,  vale  of,  in  Tipper- 

ar>-,  286 
AlalMma,   Cretoceoua  rocks 

of,  624 
^Vlabaina  beds,  653 
AIab(VHter(from  AlabaMron  in 

Egvi'O,  86.  148 
Alalia  (v^ina-ahell,  lat.X  &98 

atraetoide8,  572 

comiKwita,  flg.,  677 

tritlda,  588 

Albatro88,     restriction      of 

395 
AllMTtia  elliptica,  549,  569 
Albite  (whiU  ttone,  lai),  44 
Albien,  etage,  623 
Aleyonarla  (alcyonium'klnd), 

381,  480 
Alecto  (iiame  <ifa  Fury),  694, 

602 
AlethoptSris  (true  fern)  lon- 

chitica,flg.,525,5S5.632 
Allcuhoads   mining  aistrict, 

362 
Alligator  Hantoniensis,  647, 

653 
Allot  ropiam    (otherwiae-ium- 

ingX  24,  27 
Alloiihano  (other  appearance 

before  blowpipeX  89 
Almandiuc,  oriental  garnet, 

41 
Alnites  (aider  free  fosaU,  lat) 

Maequarrii,  flg.,  659 
Alps  and  Jura,  parallelism  of, 

351 
Alps,  granitoid  rocks  In,  91 
Alps,  western,  composed  of 

altered  oolites,  692 

drift  of,  689 

Eocene  beds  of,  653 

Alteration  of  coal  or  lime- 

stone  by  trap  sometimes 

very  slight,  330 
Alteration  petrifaction,  874 
Altered  limcatone,  106 
Alternation  of  Ikkih,  196 
Alum  Bay,  section  at,  639 


Alums,  isomoiphoos  vtrietict 

of,  25 
Alumina    (alQmen,    lat.    fnr 

cUum),  soluble  in  water,  87 

silicates  of,  89 

Alveolina  (alveolns-kind^XMl.), 

653 
AlTeoUtes(IiUZe  koUow  attmt), 

487,640 

Labechei,  4TS 

repens,  472 

Amalthei  (teUh  homa  like  tke 

goat    which  vxte   JupUer'e 

nurte),  638 
Amaxon  and  Orinoco  Biven» 

extent  of  out  to  sea,  108 
Amason  stone,  44 
Amlxmyohia  (ambOn  a  te«»X 

463,  466  490 
Amblypterns  (Uunt  iliiX  5S6 
AmblTflniB  (Nwiif  tail),  596 
America,  Canibrtan  rocks  of, 

438 
materials  derived  firom 

west  coast  of,  SCO 

Meiocene  beda  of;  068 

Oolitic  rocks  of,  6M 

Pleistocene  fossils  of. 


696 


American  flora  resembles  ex- 
tinct    Tertiaiy    Enropesn 
flora,  SM 
Amethyst  (pret?eniing  drmw- 

kennees),  82 
Amianthus,  38 
Amiens  on  R.  Somme.  700 
Ammonites  (a  stone  ctte  Os 
ram*§  kom,  worn  &y  Juptter 
Avmon),  380,  658,  659u  609, 
696,638 

auritus,  flg.,  618 

biflrons,  567 

biplex,  flg.,  588 

Brocchii,  570 

BrodiaH,  670 

Brongniartli,  570 

Callovienis,  578 

communis,  flg.,  507 

comvlanatua,  017 

coroatus,  578 

dentatus,  611 

discus,  flg.,  574 

excavatna,  flg.,  677 

giganteua,  583 

sracilis,  573 

heteroimyllns,  607 

UumphresiSLnns,  600 

interrantnii,  Oil 

Jason,  lig.,  577 

Lambertl,  578 

lautua,  611 

M'Clintocki.  504 

raacrocephsins,  688 

Martini,  008 

modioUuris,  578 

Murchtsonlae>,  670 

obtusns,  567 

FaiUnsoni,  670 

perarmatns,  flg.,  680 

planicostatos,  607 

——^  ro8tntus,.618 


INDEX. 


723 


Ammonites   BothamagenBifl, 
617 

rotonduja,  681 

serpentinus,  667 

splendens,  fig.,  610 

BubUevis,  678 

triplicatus,  681 

varians,  flg.,  615 

varicosUB,  611 

vertebralis,  679 

Ammonitldse,  family  of,  626 
Amoeba  (mutaiion),  882 
Amoant  of  matter  transport- 
ed by  rivers.  110 
AmpheristuB  (T  rejected,  or  con- 
tended abmU  ?  X  653 
Amphibia  (in  eWier  toay  liv- 
ing), 378 
Amphibole  (amblmtous),  37 
Amphibolite  of  Kanmann,  75 
Amphicyon  (doubtful  dog),(i65 
Amphidesma  (both  toaya  liga- 
ment), 631 
Amphlgens  (both  productn), 

13 
AmphilSstes  (douh^ul  robber), 

595 
Amphlon  (name  of  a  $on  of  Ju- 
piter), 463.  465 
Amphipneusta     (both    way* 

brtathing),  379 
Amphitherium  (doub^/^ 

beast),  573,  595 
Amplezos  (an  embrace,  latX 
636 

coralloides,  flg.,  626 

Ampyx  (a  wreoUh,  a  wheel,  or 
the  lid  qf  a  gotM),  456,  468, 
465,490 

nndQB,  447 

parvuluB,  475 

Amygdaloid  (olmmdAike),  69 
Anabacia  (wUhout    a   tahU), 
630 

bemisphcrica.  flg.,  669 

Anabathra  (a  ladder),  635 
Analcime  (wiXhouZ  strength), 

48 
Anam^te  (holding  a  middle 

pUux),  66 
Ananchytes  (wis^ueesrad  foe- 

eU),  631. 
— ^  subglobosos,  flg.,  616 
— -  ovatos,  617 
Annascaol  valley,  466 
Anatina  (ducfc-MU  liJta,  latX 
636 

nndata,  688 

— ^—  nndulata,  flg.,  677 
Anchilopas    (?  emwOophtu, 

near  ridge),  664 
Anchitherium    (iMor    beaet), 

654,662 
•— ^  Aurelianense,  666 
AnciUaria  (like  a  handmaid, 

latX  658,  668 
— ^—  bnccinoldes,  flg.,  646 
AncyclocSras    (elbow    horn), 
595,  628,  632 

gigas,  flg.,608 

Ancj^los  (a  fiat  gMU\  668 


Andalnsite  (ftom  Andahuia), 

39 
converted   Into   mica 

and  steatite,  160 

in  County  Dublin.  301 

Andes,  volcanic    mountains 

of,  333 
disturbances    of,   not 

related   to   volcanic    foci, 

846 
Andgsite,  63 

Angeastnea  (urn  star),  694 
Angelln,  M.,  on  Scandinavia, 

484 
Angelina  (from  M.  Angtiin), 

460,465 
Angelin's  regiones,  465 
Anglesea,     denudation     of, 

289 
Angulicostati    (angular  rib- 
bed, latX  620 
Anhydrite  (toiihout  troter),  36 
Animal  kingdom,  376 
Animalcules,  siliceous,  134 
Animals    of    Old   and    New 

Worlds,  dilTerenoe  between, 

395 
Animals  mostly  aquatic.  400 
AnisocSras  (uneipud    horn), 

628 
AnnelUda  (nnoU  r(n(^  latX 

379 
Annularia  (JLitile  ring  kind, 

latl,  535 
Annulata  (ringed,  lat.),  879    • 
Annuloida  (like  a  ringed  doss, 

lat.  and  sr.),  380 
AnnulOsa  (rtr^d,  lat.),  878 
Anodonta  (toothless),  636 

Jukesii,  flg.,  499 

Anodontopsia     (anodon^oolc- 

ing),  477,  487 
An^gens  (       ?      X  383 
Anomoptcris  (abTiormal  fern), 

559 
Anomophyllum       (irrefjuiar 

leaf),  594 
Anoplotherlum  (properly  an- 

hoplotheritmi,      defenceless 

beast),  053,  656 

commune,  650 

Anorthite  (oblique  stone),  42 
developed   in  granite 

veins  traversing  limestone, 

91 
Antholitos  (flower  stone),  636 
Anthophyllite  (ooUmred   like 

thefhwer  Antkophyllwn),  38 
Anthracite  (coal  stone),  153 
in  lower  or  Cambro- 

Silurian  rocks,  454 
Anthraoosia(Mon(jriii(7  to  coal), 

586 
Anthracotherimn  (coal  beast), 

656,666 
Anthropini  (human),  870 
Anticlinal  curves,  280 
Anticosti,  Id. ,  lower  and  up- 
per Silurians  of,  486 
Antiqidty  of  ewting  voloa- 

noes,708 


Antrim  County,  coal  covered 
unconformably  by  new  red 
sandstone,  299 

basalt  of,  330 

——  new  red  sandstone  of, 
558 

chalk  of,  621 

chalk,  pieces  of,  in  8. 

Ireland,  G75 

Antwerp,  Crag  near,  671 

Apateon,  531 

Aphfinite  (obscure,  not  obvi- 
ous), 77 

Aphelotherium  (simpU  beoM), 
654 

Aphlebia  (reinless),  585 

Aphrodita  (name  for  Venus), 
465 

Apiocrinus  (pear  lily),  695 

— ^—  Parkinsoni,  fig.,  574 

Apiocystites  (pear  bladder), 
380,  488 

Aplite  (simple  stone),  90 

Aporrhkis  (destroyers,  Aris- 
totle), 631 

Bowerbyl,  flg.,  641 

Appearance  of  granite  at  sur- 
face, 317 

Approximation  to  living 
forms,  law  of,  411 

Ap8eudhia(iri/A(m(/a2MAood), 
594 

AptSra  (unwing^l),  379 

Aptien,  etage,  623 

Aqueous  rocks,  52,  54,  98, 
124 

Arachnids  (spider  class),  379 

Aran  Mowddwy,  448 

Araucarites  (fossU  arauea- 
rian),  694 

Arbroath  flagstones,  496 

Area  (a  chen,  latX  carinata, 
612 

Dranderi,  645 

eemula,  688 

Hirsonensis,  672 

Archaeocar&bus  (antique  crab 
or  lobster),  653 

Archieooid&ris  (old  turban), 
509,  536,  647 
Urii,  630 


ArchsDoniscus  (old  looodZouseX 

595 

'Edwardsii,  flg.,  587 

Archegosaums        (preairsor 

lisard),  378 
Arctic  shells  in  drift,  673 

regions  had  formerly 


different  climate  fW>m  pre- 
sent, 420 

regions,  oolitic  rocks 


of,  503 
Arctopitbeclnl  (bear  monkeys), 

376 
Ardtrea,  magnerian  limestone 

of,  546 
Arenaceous  limestone,  145 
ArendaL    black    garnet    of, 

41 
ArenlodU  (saiid  dweller,  latX 

466 
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Arenicolites    (mnd    dvetUr, 

lat.)  (li'lyma,  ng.,  437 
Arenig  UKPuatAinn,  448 
ArgillaredUH  tla(piU»ue,  123 

liiucMUiie,  144 

Aiyiope  {naate  of  a  nymph), 

t»l 
Arpivie,  couches  d',  500 
Arj'gle,   I>uku   of,  on   fotsil 

leaves,  6-')^ 
Ari^tes  (ratn$,  lat.X  628. 
Arionelluti,  4.'».'i 
Aijuno,  volcano  in  Java,  833 
Arklnw  Head,  igneous  rocks 

of,  a3 
Arni&ti  (nrmfJ,  latX  638 
Arm     Mountains,    Cauibro- 

liliuriaug  of,  455 
Arragi'nite  (from  Arragon  in 

Spaiu\  20 
Arrigle  i)n>ok,  valley  of,  297 
Art  of  mining,  367 
Art  of  quarryixtg,  213 
Art^miif  (a  itame  of  DianaX 

-—  lentiforroifl,  M9 
Artesian  well  at  Calcutta,  113 
Artesian  wellH,  temperature 

of  water  from,  2*J5 
— ^—  foniiation  of,  244 
Arfchni8ter(>>tal  ttar)^  631 
ArthrofM^Kla  (joint-fooUUX  378 
ArtliMfitei-us  (joint  fin)y  595 
Arthur's  Seat,  baHnlt  of.  331 
Articuirila  (jointed,  lat-X  378 
Arti(Mlm'tCla  (crtn  number  qf 

tors),  377 
AsAphus  (ohtcure),  455,  400, 

403 

Intienstatus,  447 

PfjwiHii,  451 

tyrunnuri,  flg.  447 

A8bost4.>8  (untrtintjvishabte  or 

indcslructiNOt  30,  38 
AH/ridioi(liu(7Ki|7-/a-<;A:iml},381 
Ascoc<;raH  (botlle-horn),  487 
■  Barrandii,  478 

Ash,  volcanic,  07 

feldsitathic,  80 

of  greenstone,  81 

al^sence  of,from  granite 

rocks,  91 

trappean,  occurs  only 


with  contemporaneous  trap, 
323 

of  Limerick  trap  dis- 


trict, .S25 

■  and  tra])  in  Derbyshire, 


523 


beds  and  leaf  beds  in 
Mull,  05K 

>  near  Giant's  Causeway, 


Ashburton  group,  500 
Athbumliaui  be<ls,  004 
Ashdown  sand,  0u5 
Asia,  ninterials  derived  fh>m 

east  coast  o^  200 
Aspidaria  («A  iefd-like),  535 
Ai»>idl8CU8  (sAie^d  diicX 


Aspidorhyndnu     (fenefclfr 

snout,),  595 

euoduB,  678 

Fisheri,  flg.,  687 

Assemblages  of  fouUf,  texiM 

of,  explained.  405 
Association  of  beds,  186 
of  felstone  and  green- 

stone,  328 

of  minerals  in  Tcins, 


304 


of  tTftchytes  And  dole- 
rites.  840 
AstAcus  (a  crab),  695 
Astarte   (the  Sjfrian  KraiiiX 
594 

biparUta,  008 

borealis,  086 

cuneata,  588 

elegans,  670 

elliiitica.  087 

Uartweliiensis,      flg., 

:587 

lurida,  677 

(tbliqnata,  689 

OmaJlii,  flg.,  668 

ovata.  689 

undulata,  668 

Asterfda-  ($tar  kind),  880 
Asteracanthos    (star  tpine), 
595,  632 

acutus,  576 

omatiMimns,  68S 

Bcmisnlcatus,  578 

Asterol^pis  ($tar  omU),  496, 

498,  504.  640 
AsterophyUites    (atar    UeJX 
635 

equisetifonnls,  5S5 

foliosa,  626 

Astcroptychius    (Mar   wrinr 

kUd),  530 
Asti,  ]»Ieiocenebeds  of,  671 
Astoniftta  (mouthkss),  882 
Astrococnia  (ttar  cania),  594, 

053 
Astrocrlnus  (star  liluX  686 
Astrogonium  (star  eomcr),  6S1 
Astronomer  koteI  on  oscilla- 
tion of  pendulum,  225 
Astropccten  (star  oomib,  lat), 
591 

crispatUB,  642 

Atagma  (unbroken  f),  651 
''Ate,"  meaning  of  words  ter- 
minating in,  17 
Atherfleld,  lower  Oieensand 

of,  607 
Athyris  (dcorUaa),  487,  640 

Royssil,  607,  626 

squamosa,  607 


Atlantic,  depositlonon  bed  at, 

205 

AtUintic  Ocean,  bottom  of, 

128 
AtocrlnuB  (  ),  686 

At^Us  and  Murier  rMfi,  180 
Atrypa  (wUkout  a  hoU),  461, 

465 

crassa,  452 

desqoamata,  601 


^—^  marginalia,  45S 
reticularis*    flg.,    475, 

503 
Attle  (mining  terMl  870 
Aach£nilabrai(ii«dt  exeeaBin), 

658 
Anchfnaspls  (meek   buekkr), 

488 
— —  omatns,  480 

Salteri,  480 

Angite(sft<iiiN9),37 
Augltes     and     hornblendes 

Bommarlaed,  47 
Anlacophyllam  (Jkmnr  tenfX 

487 
AnlOdus  (pipe  tooth),  flSl 
AnldUpis  (pipe  scale),  OSl 
AnlopkyUom  (tube  1eaf\  fl86 
AaUnsse,  dolerite  of,  00 
Anricflla  (a  liUU  tar,  latx 

658 
Ansten,  Mr.  Godwin,  on  Old 

Bedflsh,604 
Australia,  barxier  reef  of.  131, 

182 

Id  diggings  of,  S6« 
itribution  of  birds 

in.  894 

fiiuna  and  flora,  like 

tliat  of  European  oolites, 

899,600 

gneiss  of,  434 

paloiosoic   fossQa    of. 


golt] 
dist 


408 
683 


carboniferooa  rocks  of, 

oolitic  rocks  of,  503 

extinct  mammals   of, 

697 

Anvergne,  snbaerlal  dcnodsp 
tionof,  292 

Avftlon.  peninsula  of,  in  Ifcnr- 
foundland,  457 

Avantuiine  (from  iU  rcsisi 
blina  cm  oH^fieial  »ub§Umm 
made  par  adventure),  44 

Areline,  Mr.  W.  T.,  on  Cam- 
brian rocks,  435 

section  &  of  Bala  Lake 

by,  442 

on  N.  Wales,  448 

and  Baiter  on  so-called 


Carsdoc  sandstone,  407 
section   across    Wen- 


lock  Edge  by,  468 

sections  in  apper  Sila- 


rianby,  481 

section  in  Derbyshire 


by,  619 
Avellftna  (a  fOberi  »«(,  lat.) 

cassis,  617, 631 
Ares  (Mnis,  lat  X  877 
ATidUa  (liMls  Urd,  latlMS, 

487 

bnl]ata,400 

—  contorta,  663 

tone,  656^  860 

cygnipes,600 

r-  Denbyl,  flg.,  478 
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Avictila  DamnoniensiByflg.  ,508 
decussata,  66d 

■       echinata,  574 

insoquivalvis,  553 

speluncaria,  544 

Aviculopecten  (ovicuto  oomb, 

lat.),  509,  536 

'  papyraceus,  614;  fig.. 


527 


variabilis,  614 


Axes  of  crystals,  21 

of  curves,  inclined,  841 

of  curves,  intermpted 

and  undulating,  243 
symmetrical,  21 


Axinus  (axlnif  an  axe),  630 

ODscurus,  644,  547 

truncatuB,  544 

Axis  of  earth,  stability  of, 

223 
granitic,  rare  in  moim- 

tains,  310 
Axophyilum  (axii  leaf),  536 
Axosmilla  (axU,  nndU  icnife), 

594 
Aymestry  limestone,  468, 475 
Ayrshire,  upper  Silurian  of, 

482 
Azores,    Captain    Dayman's 

soundings  to.  ISO 
silica    deposited    in, 

134 
Azoic  (without  l{fe\  a  term, 

the  use  of  which  is  not  war- 
ranted, 464 


Babbaoe,  on  falling  of  detri- 
tus in  water,  109 

•*  Back"  of  a  quarry,  213 

Back  of  a  lode.  370 

Baculites  («ta//o»iO,  628, 631 

anceps,  flg.,  616 

Bagenalstown,  Esker  near, 
6^ 

Bagshot  beds,  636 

series,  643 

Baiera,  594 

Baily,  Mr.,  experiments  with 
torsion  balance,  225 

Mr.  W.  H.,  on  fossils 

of  lower  Coal-measures,  614 
on  fossil  flsh,  498 


Bairdia  (after  Dr.  Bairdi,  636 
Bakevellia   (after  Mr.  Bake- 
teell),  547 

antiqua,  Apr.,  644. 

and    Caradoc    group, 


Bala 
447 


442 

201 


and  Tale  Canlt,  448 
beds  in  N.  Wides,  448 

•  beds  in  Ireland,  453 

-  beds  near  Qnebec,  457 

•  Lake,   section   S.  of, 

•limestone,  an  "  inlier," 


extent  of,  187 
Balanophyllia    (gland  Uof), 
653 

caly cuius,  fig.,  670 


BaUnns  (a  gland,  an  aeom), 
653 

Balsenddon  (graimput   tooth), 
670 

Ballybunion  Head,  caves  un- 
der. 219 

BaUy brood,    Coal  -  measures 
near,  326 

Ballycdrus  leadworks,  near 
Dublin,  366 

Ballymurtagh,  felstone  of,  72 

Bann6,  Mames  de,  600 

Bantry,  Carboniferous   slate 
of,  506 

Bay,  cleavage  o^  268 

— —  Bay,  discoloured  mar- 
*gin  of,  116. 

great  Joints  near,  809 


Barr  limestone,  468 
Barrande's  i>aiallel  between 

the  Silurians  of  Boliemia 

and  Scandinavia,  398 

colonies,  408 

■  on    Bohemian  rocks, 

455 

parall^le,  etc,  466 

on  Dr.  jBmmon's  Ta- 

conic  system,  458 

•  names  for  lower  Palsa- 


zoic  fauna,  461 
on     upper     Silurian 

rocks,  483 
Barrett,  Mr.,  on  bird  remains, 

630 
Barrow,  Mr.,  on  Hoang  Ho, 

110 
Barton  beds,  643 

clay,  636 

Baryhelia  {heavy  mn),  630 
Barysmilia  (heavy  knife),  630 
Basalt,  66,  80 

prismatic  Jointing  of. 


213 


of  Cave  HiU,  661 


Basaltic  plateaux,  330 

Base  of  carboniferous  rocks 
of  County  Dublin  are  not 
shewn  near  outer  boun- 
dary, 304 

Basement  bed  of  London 
clay,  639 

Bases,  meaning  of,  In  chemis- 
try, 16 

Basic  bodies,  10 

-—  igneous  rocks,  67 

Basin-shaped  depression,  842 

outlying,  286 

always    formed  deep 

beneath  surface,  847 

of  internal    drainage 


connected  with  prineijpal 

mountain    chain    of    Old 

World,  706 
Basinotopus  (  ?  Ba»&not8pui, 

explorer  of  places).  653 
Basset  edges  of  beds,  233 
Bath  ooUtes,  664,  668 
Bath  stone,  142 
Bathycy&thus  (deep  cup),  630. 
Batrachia  (frogs),  378 
Batt  or  Bass,  128 


Bears,  restriction  of  species 

of,  395 
Bears  in  Ireland,  096 
Beauce,  calcaire  de  la,  650 
Beauchamp,  gr^  de,  650 
Beaumont,  M.  E.,  theory  of 

mountains,  851 
Beaumont,  Mr.,  mining  dis- 
trict of,  362 
Beaumontia  (after  M.  Beattr- 

viont),  536 
Beavers  in  England,  699 
Beckles,    Mr.,   discovery  of 
mammalia  in  Purbeck  rocks 
bv,  416,  686 
Bed  mining,  367 
Beds,  deposition  of,  178 
extent   and   termina- 
tion of,  185 

of  rock  only  deposited 


at  intervals,  183 

of  trap,  321 

of   iron  and 


copper 

ore,  350 
Beechev  on  disintegration  of 

land  in  Spitzbergen,  103 
"  Beef"  beds,  585 
Belcher.  Sir  E.,  arctic  fossils 

brought  by,  420,  594 
Belemnitella    (a   lUtle    dart 

stone),  631 

mucronata,  616 

plena,  617 

Belemmtes  (dart  stone),  880, 

652,  559,  595,  597 

abbreviatius,  fig.,  680 

dilatatus,  609 

ellipticua,  570 

— — —  elongatus,  flg.,  567 
— —  fusiformis,  578 
—  hastatus,  flg.,  577 

minimus,  611 

— —  mucronatus,  619 

Puzosianus,  678 

tubularis,  567 

•  Waterhousei,  673 

Belfast,  section  tlirough,  661 
Belgium,  Devonian  rocks  of, 

602 
Carboniferous    rocks 

of,  530 

Eocene  beds  of,  650 

Meiocene  beds  of,  662 


BelinOrnsrdart  tati),  536 

regina,  530 

— — -  rotundatns,  530 

trilobltoides,  530 

Belle  Isle  shale  and  gritstone, 

457 
Belle wstown.  County  Meath, 

Llandeilo  nags  at,  454 
fieUerophlna  (like  a  Bellero- 

phon),  631 

minuta,  flg.,  610 

BellerSphon  (name  t^fthesonof 

Glaucus),  460,  462,  465,  561 

dilatatus,  flg.,  474 

expansus,  flg.,  479 

hiulcus,  629 

nodusus,  450 
—  striatufl,  509 


m 
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Broad  Longh,  Wicklow,  being 
filled  up  by  brooks,  100 

"  Brockran,"     boulders     of, 
(574 

Brodbo,  garnet  from,  41 

BitMlie,  Mr.  mammalian  re- 
mains diMCOvere<l  by,  416 

,    on   oolitic    insects, 

598 

Bromo,    volcano    in    Java, 
333,  337 

Brongniart,  M.  Ad.,  on  fossil 
fern,  498 

Bronteus  (thundering,  name 
for  Jupiter).  504 

,  flabellifer,  601 

Broiizite  {brown  $Ume)y  87 

Brora,  oolitic  beds  and  coal 
at,  589 

Brown  coal  or  lignite,  150 

Brown  spar,  34 

Brow,  coal-mining  term,  870 

Bruxellien,  syst^me,  050 

Bubdlus  (a  huffaJio)  moscba- 
tus,  693 

Bnccmum  (a  trumpet,  latX 
536 

macrocheDuB  resem- 
bles, 463 

Bnckland's  Bridge  water  trea- 
tise, 598 

showed  caves  to  have 

been  dens  of  extinct  ani- 
mals, 696 

Backlandia,  594 

Buddie,    Mr.,   on   horse    in 
Forest  of  Dean,  194 

Buddie  (an  ort  dresaer^t  impU- 
ment),  870 

Bulimlna  (lmllmus4ike),  694, 
632 

obliqua,  616 

BuUmus  (voraciouSf  ax   hun- 
ger\  653 

ellipticus,  flg.,  649 

Bulla  (a  bubhlt,  lat),  696 

elongata,  588 

BullsBa  sculpta,  669 

Bunbury,  Sir  C,  on  Indian 
plants,  533 

Bunsen,  on  volcanic  rocks  of 
Iceland,  60 

supposes  two  volcanic 

foci  beneath  Iceland,  840 

Bunter  schiefer,  642 

sandstein,  640 

sandstone  of  Britain, 

553 

BuprestldsB,  695 

Bupreston  (Greek  tuxme  for  a 
beetle)  stygnus,  flg.,  687 

Burnt   flints   under  Antrim 
basalt,  660 

Burren,  Co.  Clare,  thickneai 
of  limestone  in,  196 

joinUin.  211 

Carboniferous      lime- 
stone of,  512 

Bustard,    extinction    of    in 
England. 

Byssolite  (jUus  stone),  88 


Oaoholoko  (ffrom  riotr  Ckuh 

in  Buchana),  82 
Caen  stone,  142 
Caernarvon  and  Merioneth, 

parallelism  of  hills  of,  861 
Canerconreagh      mountains, 

455 

rocks  of,  406 

limestone    boulders 

near,  676 
Cainotherium  (new  heaat)66i 
Cainosoic  epocn,  633 
Cairngorm   (name  of  Scotch 

mountain),  82 
Caithness,  Old  Red  of,  496 
Caking  coal,  152 
Calais,  Coal-measures  below 

Chalk  at,  621 
Calamites  (reed  foesO,  lat), 

636,  698,  600 

arenaceus,  551 

cannsformis,  625 

Mougerti,  649 

Calamophyllia  (reed  leaf),  694, 

632 

Stokesii,  679 

Calamopleurus  (reed  rSb),  681 
Calc  spar,  32 
Calcaire  groesier,  143,  650 
Bt.   Ouen,  contempo- 
raneous errosion  in,  193 
siliceux,  504 


Calcaphuiite  (lime  aphaniteX 

78 
Calcareous  tufa,  126 
Calcedla  (a  slipper,  lat.)  Ban- 

dalina,  flg.,  501 

schist,  502 

Calcite  (calx,  lime,  lat.),  and 

Arragouite,  26,  82 

solubility  of,  52 

Calciferous    sandstone,   466, 

522 
Calculation  of  throw  of  faults, 

716 
Calliard  or  galliard,  120 
Callitrites   (beautiful  foatU), 

653 
Calp,  612 
Caloceph&lus  (beautiful  head), 

653 
CalopSmus  (beautiful  opercu- 

Zttm),658 
Calton  Hill,  ash  beds  of,  831 
Calycophorldse  (eup-bearing 

kind),  882 
Calym^ne  (concealed),  460, 468, 

465,  476,  479,  490 

Blumenbachli,  fig.,  474 

brevicapitata,  461 

■       parviftrons,  447 
Calyptreea  (a  bonnet),  663 

costata,  664 

Caroarophoria  (ehambtr-earry- 

ing),  544.  647 

Schlotheimi,  flg.,  644 

Cambrian  rocks  of  (Caernarvon 

described     by     Professor 

Ramsay,  486 
—^  period,  484 
fossils,  437 


C!ambrian  fossils,  none  in  Cam- 

bro-silurian  rocks,  458 
CSampantUa  (a  lUOe  beU,  lat.), 

489 
Campophyllum  (     ?     X  ^^^ 
Camoro-silurian      coal       in 

counties  Cavan  jmd  Tippe- 

rary,  238 
rocks  faulted  against 

Coal-measures,  287 
unconformable 


on 


Cambrian,  295 

period,  441 

rocks  of  Ireland,  453 

anthracite  in  Ireland, 


454 


animals  of,  few  pre- 
served, 464 

Camels  and  llamas,  895 

Camel,  fossil,  in  India,  663 

Canada,  geological  survey  of, 
78 

Canary  islands.  Von  Buch's 
description  of,  836 

plants  of,  892 

Canceliaria  .    (cross  •  barred 
lat.},  658 

costellifera,  669 

evulsa,  flg.,  646 


Canis((2o9,  lat),  654 

sp.,  693 

Cannel  or  parrot  coal,  152 
Cape  Barron  goose,  697 
Capitosaurus   (?    capStosan- 

nis,  hole  lizard).  651 
Capricomi  (goaUiomed,  lat), 

628 
Caprinella     (little     oaprina, 

hit),  631 
Caprina  (goat-like,  latX  ^^ 
(^protina  (resembling  a  goat) 

Chalk  shells,  626 
Caradoc  sandstone  of  Shrop 

shire,  449 
Caradoc  sandstone  formerly 
confounded  with    Llando- 
very, 466 
Carabldie.  696 
Carabus  (gr.  for  a  butle),  596 

elongatus,  687 

Caratdmus  (head  cut),  631 
Carbon  (carbo,  coal,  lat),  80 

description  of,  81 

essentially  organic  ele- 
ment, 138 
Carbonaceous       substances, 
composition  of,  138 

limestone,  146 

shale,  160 

Carbonates,  82 
Carbonate  of  lime,  82 

—  of  magnesia,  88 

of  lime  in  fresh  water, 

184 

in  sea,  126 

maximum  amount 

in  solution  by  water,  126 
•  of  magnesia,depoBition 


of,  186 

Carbonic  acid,  composition  of 
16 
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Chalk  marl,  60S,  618 
resemblance   to   Car- 
boniferous limestone,  614 
with     and     without 


flints,  614 

resting    on    Lias    in 

Yorkshire,  620 

resting  on  PalnoaoiG 

rocks    in    England     and 
France,  621 

N.  E.  of  England,  621 

wider  than  any  Ter- 


tiary group,  634 

enxled  surfkce  of,  636 

near  Belfast,  661 

flints  in  drift  of  &  of 


Ireland,  676 

Chalj^bite  (innuUme),  84 

Chama  (a  gape^  or  eUe  cu  Intry- 
ing),  631, 663 

medicagmala,  flg.,  649 

squamosa,  flg.,  645 

Chamounlx,  valley  of,  formed 
by  erosion  in  soft  slates, 
851 

Chance,  Messrs.,  melting  Ba- 
salt, 64 

Change  in  be<l8  laterally,  201 

Changes  in  beds,  natural  re- 
sult of  mode  of  formation, 
205 

of  climate,  as  proved 

by  fossils,  420 

Chara  (joy),  Lyeleii,  644 

■  mcdicaginula.  flg.  ,'649 

Characteristic  fossihi,  mean- 
ing of,  404 

species  of  a  group,  410 

Chamwood  Forest,  boulders 
fh)m,  676 

Chaumont,  gypsum  quarries 
of,  214 

Chazy  limestone,  456 

Cheilostomata  (lip-^aunUhed), 

'  381 

Cheirocrlnus  Quiikd  ZiJy),  488 

CheirMus  Q^nd  tooth),  586 

Cheiromyini  (  hand  -  movie 
kUid),  376 

Cheiroptera  (hamd  yoinfftd), 
377 

Cheirotherium  (Juind  heagt), 
555 

Cheiillrus  (hand  tail),  455, 
460,  463,  465,  490 

clavifrons,  451 

Chelone  (tortoiM  or  turtle), 
595 

Bellii,  606 

Benstedi,  618 

breviceps,  642 

Chelonia  {tortoisei),  878 

Chemical  rocks,  aqueous  or 
Igneous,  51 

— —  and  organic  forces 
producing  rocks,  141 

Chemically  formed  rocks  de- 
scribed, 141 

Chemnitzia  (after  M.  (yhem- 
nitz),  595 

gigantea,  681 


Chemnitsia  Heddingtonensis, 
579 

—  lineata,  670 

vittata,  575 

Chemung  group,  503 

Chenendopdra  (goom    inHdt 
pore),  680 

fungifonnis,  612 

Chert,  82 

and  flint,  148 

In  limestone  near  Dub- 
lin, 144 

of  Middleton  Moor,  144 


Chernr,  or  soft  coal.  152 
Chesil  bank.  Island  of  Port- 
land, 99 
Chiastdlite  (taking  form  of 

Greek  letter  chi),  89 
Chilogn&tha  (tikmsaiui  fcnoeci), 

879 
ChilopOda    (thaumnd    foot), 

379 
Chimney  scrapings,  £10,000 

per  annum  from,  862 
China  Sea,  deposits  in,  206 
Chiton  (a  <«itie),  487 

Grayanus,  478 

Griffithii,  flg.,  470 

Chlorine  (Greek  for  green),  80 
Chlorite   (green  ae  a  plant), 

89 

in  granite,  90 

in  schist,  168 

Choanites  (cupel  or  cudhUfoe- 

eU)  Konigi,  615,  680 
C!haT0Tp6tAxa\iB(pig  river),  653, 

656,  663,  665 

Cuvieri,  650 

Chsetetes  (like  a  horm^t  mane), 

487   547 
Choke  damp,  140,  870 
Chondrites  (cartilage  foaeil), 

464 

regularis,  445 

Chondrosteu8(cartUajipe  hone), 

595 
ChonStes  (cup  or  boae  foesil), 

487,540 

semiradiata,  502 

ChomatCdus  (vumnd   tooth), 

536 
Chonophyllum  (funnel  lectf), 

487 
Chronological     dassiflcatlon 

of  each  large   ar^t  to  be 

settled  separately,  409 
Chronological  nomenclature 

427 
— — —  table    of     geological 

periods  and  epochs,  480 
Chrysaora  (golden  caae  f),  694 
Chrysdlite  (gciden  tioney,  86 
Church  Stretton,  Llandovery 

beds  near,  467 

rocks  near,  449 

Cid&ris  (a  turban),  595 

coronata,  580 

florigemma,  580 

peromata,  618 

Cinder  bed,  585 
dnnamon  stone,  41 


ClpoUno  (Italian),  143 
Circular  motion,  nature  of, 

888 
Circumdenudation,       moun- 
tains of  ,  350 
Cirripedia  (curl  footed,  lat), 

879 
Cirrus  (a  curl,  lat),  595 
Cladocora  (branch  puppet),  487 
Cladocydus  (&randi  ci  rrf«),631 
Cladddus  (branch  tooth),  536 

striatus,  flg.,  529 

Cladyddon  (       ?       ),  560 
Cladophyllia,  682 
Chiibome  beds,  652 
Clare  coimty,  Joints  in,  211 

coast  of,  Joints  along, 

220 
Clarke,  Rev.  W.  B.,  on  Aus- 
tralian rocks,  534 
Classiflcation  of  rocks,  49 
of  igneous  rocks,  ac- 
cording to  composition,  57 
of  igneous  rocks,  ac- 


cording to  mode  of  forma- 
tion, 58 

of  rocks,  table.  173 

of    animal    kingdom, 


375 


of  groups  of  beds  by 

their  fossils,  410 
Chithrai-ia   (laUice4ike,  lat), 

630 

Lyellii,  605 

CUusilia  (a  little  cheed  shell, 

lat),  653 
Clavagella     (T  clavigella,     o 

little  dub-bearer,  lat),  658 
Clay,  89,  121 

rock,  123 

thickness  of  beds  of, 


197 


fossils,  404 


Clayslate,  123, 166 

cleavage  of,  265 

of  Cretaceous  age,  271 

of  Tertiary  age,  271, 

624 
Claystone  or  wacke,  80 
of  Jameson,  basaltic 

ash,  83 
Cleat  of  coal,  153,  212 
Cleavage  of  crystals,  24 

of  rocks,  168 

and  foliation,  265 

time  of  production  of, 

270 
—  planes       superflciaUy 

bent,  271 

and  foliation,    difS^r- 


ence  between,  274 

of    Leinster   district. 


275 


Clent  Hills,  section  of.  545 
ClidophOrus  (lock  and  key  car- 

rving),  487 
ClittlJ,  precipices  and  passes 

formed  by  erosion  of  sea» 

101 
Climate  of  earth,  if  equator 

coincided  with  ecliptic,  228 
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Carbonic  no.id  gns  in  water,1  S4 
■  acid  gas,  furmer  sup- 
posed prevalence  of,  53^ 

CarboniferouH  liuiratone,  con- 
taining bonidera  of  granite 
and  mica  Hcliist,  146 

■  great  Uiickness  of, 

IM 

scries,  lateral  change 

in,  2U3 

rocks,  great  limit  in, 

failed   Ulievuamuck  fault, 

limestone  overlajta  Old 


Red  simdHtt^ne,  295 
limestone   resting 


on 


Cambrian  nH'ks,  iM 

—  nesting    on     Wenlock 


nxkn,  *>MW 

often  overlaps  Old  Red 


HnndKt^ine,  300 

llnieMtouo  and  contom- 


ponine<mrt  tru]>it  and  ashes 
in  county  Limerick,  326 

fonnation,  i>erMistenoc 

of   specific   thnMigh   great 
thickness  in,  414 
limestone  of  Ireland, 


611 


slate,  606 

period,  606 

slate  fossils,  607 

rocks,     cltaracteilstic 

fossils  f)f,  6*25 
limestone, 


resem- 


blance of  the  (^nialk  to,  014 
slate  of  Ireland,   184, 


507 
(.'arcass  of  wo<^»lly  elephant 

and  rhinoceros  found  fossil, 

OiH 
Can;har«'»don  (jnp  tooth),  653 

mogallCHlon,  604 

Carch&ropsis  (shark-teeming), 

636 
Cader  Idris,  448 
Cardiaster  (heart  star),  631 

BonKtedi,  609 

•         granuhmus,  018 
Cardilia  (a  lUtU  htart,  lat.), 

003 
Canlinia  (hrart-l ike),  636,  601 

Listeri,  606 

Can\iooar\u)u(hf.art/mU),  535 
CarditKlon  (heart  tfxtth),  675 
Cardiola    (little   heart,   lat), 

405,400 

flbrosa,  472 

Hcminignta,  402 

Cardiomoniha  (heart  thape). 


f.' 


30 


modioliformis,  544 
oblouga,  llg.,  527 


Cardlta  (Amrt-iifce,  lat.),  552 

•  plauicosta,  645 

■  senilis,  fig.,  608 

Cardium  angustatum,  fig.  ,670 

disaimile,  tig.,  584 

edulc,  0S4 

HilUnnm,  612 

8pha:roideum,  007 


Cardium  striatalnm,  681,  688 

Rha>ticam,  553,  556 

CaniivOra  (JU^h  eating,  lat), 
377 

Carliugford  granite  couraited 
into  greenstone,  93 

Carlow  county,  Carbonlferoua 
limestone  resting  on  gran- 
ite, 2^8 

Carlsbad,  depoeition  of  car- 
bonate of  lime  at,  127 

Caniuliui  (JUtK-^otound,  lai.)^ 
32 

Cari»cntor,  Dr.,  on  Orbito- 
lites,  064 

CariMilitlies  (/rvlt  stone),  635 

Bucklandl,  579 

conicus,  579 

Carrickbuin,  felstone  of,  79 

Carrickfcrgus,  salt  mines 
near,  654 

Carroll,  Mr.,  found  mica 
schist  in  Carboniforuns 
limestone,  140 

Carte,  Dr.,  on  fossil  animals 
in  Ireland,  696 

Carter,  Mr.,  on  geology  of 
India,  692 

Car\'ing  of  surAtce  of  earth, 
281 

CaryophvIIia  (nnt-let^f,  dove- 
tree),  679,  030 

cvspitosa,  690 

Cascade  mountains  of  North 
America,  833 

CasMidaria  (helmet-likt,  lat), 
031 

bicatenata,  669 

Bmithii,  642 

Castle  Hill  near  Dudley, 
dome-shai>cd  ele%'ation,  347, 

Casts  of  fossil  bodies.  375 
Catalogue    of     earthquakes, 

7(»8 
Cataracts,  cutting  back,  107 
Catarlilni      (nostriU     down- 
wards), 376 
Catopygtis  (nether  renQ,  631 

carinatiw,  613 

Cats  bra  in  (rjK'.k),  120 
Cat«grove  llill,  section  flrom, 

199 
Catseyc  (mineral),  33 
Catskill  gmup,  503 
CatQrus  (liawn  taO),  605,  638 

angustus,  584 

Cauda-galli  grit,  503 

Caulcri>ites,  547 

Cauler]»a  (ttalk,  gr.  and  lat.) 

scloginoides,  542 
Caulopteris(ffffl;A;/emX  635 
Causes  now  in  operation  the 

same  as  ever,  2<9 
Cautley,  Colonel,  on  BewSlik 

fossils,  663 
Cavan,  Combro-eilorian  rocks 

of,  454 
Cave  deposits,  686 
Cave   ItiU,  Belfast,   section 
I     through,  661 


CtTities  left  in  hard  beds  bj 

a  fault,  348 
CeUepAn  (cell-port,  latX  *«7 

celluloaa,  668 

-^^  favosa,  472 
Cellnlares  (eainlar),  S8S 
Cemoria  (head-efaUlUa),  JfoMr 

china,  flg.,  687 
Cenomanien,  etage,  6S8 
Ccntnd  heat  of  globe,  234 
Centres  of  disturbing  force 

deep-seated,  849 
Centrol^pis  (tjmr  tcnle),  695 
Centroooenia  (tpvr  eaen  ia),  630 
Cephalaspis  (head  butX'ler),  4S8 

Lyellli,  flg.,  497 

Murchlsonii,  481 

Cephalites  {lUtU  kmd  fotaiXL 

630 
CephalopMa(A«ocf-ybo(^  380 

description  of,  dM 

CeramOms  {HU-taU),  605 
Ceratiociris    Qiarn  tkrimp\ 

488,647 
Ceratltes  {hwr%  fouOL  560, 

660,687 

cassianns,  638 

^—  nodosns,  flg..  660 
CenUocftris  (J^onwd  thrimp), 

483 

Mnrehisonii,  470 

Ceratddus  (horn  tooth),  660 

altus,  556 

heteromorphtis,  651 

Cerioclva,  631 

CeriopAra  (tenx  or  hontf-eomb 

pmr)  alOnis,  472,  032 
CerltelU,  dim.  of  Ccrithlun, 

606 
Cerithlom  (a  littU  kom\  506 

carbonarium,  905 

elegans,  flg.,  640 

^—^  ftmatum,  642 
— —  muricatum,  570 

PorUandicum,  flg,,  684 

Cemans,  Mames  de,  690 
Ceromya  (horned  nmsse/),  60ft 

ooncentricum,  674 

Ccrrus  (deer,  lat)  alcns,  084 

tarandus,  688,  604 

Cerylon,  595 

Cestracion  (fh)m  gr.  name  far 

a  jUh),  631 
CeUcea  (wAo/c  tribe,  lat)  S77 
Cctiosauros    {wkaU    lixardy. 

695,633 

brevis,  606 

longus,  684 

ChabAsite  (gr.    name  far  a 

stow),  48 
Chalcedony  (fW>m  CkrUoedon 

in  Asia  Minor),  82 

in  trachyte,  68 

Cha]icotheiinm(cesi«ii(  6i«UL 

663 

Ooldftisii,  665 

Chalk,  148 

great  thickness  of,  106 

converted  into    blm 

limestone    by   timp  dyko 

near  fielCut^  SSI 


mm 


INDEX. 


729 


Chalk  marl,  602,  618 
resemblance   to   Car- 
boniferous limeatone,  614 
with     and     without 


flints,  014 

resting    on    Lias    in 

Yorkshire,  620 

resting  on  Palnoxoic 

rocks    in    England     and 
France,  621 

N.  E.  of  England,  621 

wider  than  any  Ter- 


tiary group,  634 

ero<ied  surfkce  of,  686 

near  Belfast,  661 

flints  in  drift  of  &  of 


Ireland,  675 

Chal^bite  (irondone),  84 

Chaina  (a  fjape^  or  elie  cu  bury- 
ing), mi,  663 

medicagmala,  fig. ,  640 

squamosa,  lig.,  645 

Chamounix,  valley  of,  formed 
by  erosion  in  soft  slates, 
351 

Chance,  Messrs.,  melting  Ba- 
salt, 64 

Change  in  beds  laterally,  201 

Changes  in  beds,  natural  re- 
sult of  mode  of  formation, 
205 

of  climate,  as  proved 

by  fossils,  420 

Chara  Ooy),  Lyeleii,  644 

■  medicaginula.  fig.  ,'649 

Characteristic  fossihi,  mean- 
ing of  ,  404 

species  of  a  group,  410 

Chamwood  Forest,  boulders 
from,  676 

Chaumont,  gypsum  quarries 
of,  214 

Chazy  limestone,  456 

Cheilostomata  (lip-sumfJked), 

'  881 

Cheirocrlnus  (hand  lUy),  488 

Cheirddus  (hand  tooth),  586 

Cheiromyini  (  Aondf-  movie 
kind),  876 

Cheiroptera  Qumd  winifed), 
877 

Cheirotherium  (Jkond  heoMt), 
655 

Cheirflrus  (hand  taO),  45ft, 
460,  463,  465,  400 

clavif^ns,  461 

Chelone  (tortoiM  or  ImrfU), 
595 

Bellii,  606 

Benstedi,  618 

breviceiMi,  648 

Chelonia  (tortoiies),  878 

Chemical  rocks,  aqueous  or 
Igneous,  51 

— —  and  organic  forces 
producing  rocks,  141 

Chemically  formed  rocks  de- 
scribed, 141 

Chemnitzia  (after  M.  Chem- 
nitt),  595 

gigantes,  ftSl 


Cheninitsia  Heddingtonensis, 
579 

—  llneata,  670 

vittata,  676 

Chemung  group,  508 

ChenendopOra  (goo§$    inHde 
pore),  680 

fungifonnis,  618 

Chert,  82 

and  flint,  148 

in  limestone  near  Dub- 
lin, 144 

of  Middleton  Moor,  144 


Cheny  or  soft  coal.  152 
Chesil  bank,  Island  of  Port- 
land, 09 
Chiastdlite  (taking  form  of 

Greek  letter  chi\  89 
Chilogn&tha  (tkouaandjaiwed), 

879 
ChilopOda    (thoutand    foot), 

379 
Chinmey  scrapings,  £10,000 

per  annum  ftt>m,  862 
China  Sea,  deposits  in,  206 
Chiton  (a  tunic),  487 

Grayanus,  478 

Grilflthii,  flg.,  470 

Chlorine  (Greek  for  green),  80 
Chlorite   (ffreen  a*  a  plant), 

89 

in  granite,  90 

in  schist.  168 

Choanites  (cupel  or  cuctblefoB- 

sit)  Konigl,  615,  680 
Chseropdtiunus(|H{^  river),  658, 

656,  663,  665 

Cuvieri,  650 

Cheet^tes  (like  a  horM^t  mane), 

487,  547 
Choke  damp,  140,  370 
Chondrites  (cartilage  fouil), 

464 

regularis,  446 

Chondrosteus(oarti2ajjre  tone), 

595 
Chonetes  (cup  or  "box  foteiX), 

487,540 

semiradiata,  602 

ChomatCdus  (mmind   tooOi), 

536 
Chonophyllum  (funnd  leaj), 

487 
Chronological     dassifloatlon 

of  each  Uuge    area  to  be 

settled  separately,  409 
Chronological  nomenclature 

427 
^—^  table    of     geological 

periods  and  epochs,  430 
Cluysaora  (golden  eaee  f\  594 
Chrysolite  (golden  stone),  85 
Church  Stretton,  Llandovery 

beds  near,  467 

rocks  near,  449 

Cid&ris  (a  tvrban),  595 

coronata,  580 

florigemma,  580 

perornata,  618 

Cinder  bed,  585 
Cinnamon  stone,  41 


CipoUno  (Italian),  143 
Circular  motion,  naturo  of, 

888 
Ciroumdenudation,       moun- 
tains of,  350 
Cirripedia  (curl  footed,  latX 

879 
Cirrus  (a  ciirl,  lat),  595 
Cladocora  (hrandi  pvppei),  487 
Cladocyclus  (branch  circ/e),  681 
Cladddus  (branch  tooth),  536 

striatus,  flg.,  529 

CladyOdon  (       ?       ),  560 
Cladophyllia,  632 
Claiborne  beds,  652 
Clare  county.  Joints  in,  211 

coast  of.  Joints  along, 

220 
Clarke,  Rev.  W.  B.,  on  Aus- 
tralian rocks,  534 
Classification  of  rocks,  49 
of  igneous  rocks,  ac- 
cording to  composition,  57 
of  igneous  rocks,  ac- 


cording to  mode  of  forma< 
tion,  58 

of  rocks,  table.  173 

of    animal    kingdom, 


375 


of  groups  of  beds  by 

their  fossils,  410 
Chithraiia   (laUice4ike,  lat), 

630 

LyeUii,  605 

Clausilia  (a  little  dosed  sheU, 

lat),  653 
Clavagella     (f  clavigella,     a 

little  dub-bearer,  lat),  658 
Clay,  89,  121 

rock,  123 

thickness  of  beds  of. 


197 


fossils,  404 


Chtyslate,  123, 166 

cleavage  of,  265 

of  Cretaceous  age,  271 

of  Tertiary  age,  271, 

624 
Claystone  or  wacke,  80 
of  Jameson,  basaltic 

ash,  83 
Cleat  of  coal,  153,  212 
Cleavage  of  crystals,  24 

of  rocks,  168 

and  foliation,  265 

time  of  production  of, 

270 
planes       superflcially 

bent,  271 

and  foliation,    differ- 


ence between,  274 

of    Leinster   district. 


275 


Clent  Hills,  section  of,  545 

Clidoph6rus  (Uxk  and  key  car- 
rying), 487 

Clifft,  precipices  and  passes 
formed  by  erosion  of  sea, 
101 

Climate  of  earth,  if  equator 
coincided  with  ecliptic,  228 
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Conway  valley,  Bala  beds  in, 

448 
Ckmybeare  and  PhlllipB,  sec- 
tion of  Oolites  by,  2U3 
Coolroe  Hill,  Kilkenny,  sec- 
tion of,  297 
Coornhdla  Qlen,  section  near, 
607 

grit,  60« 

fossils  of,  609 

CopepMa  (heoaina  feetX  879 
Copper  ore  in  beds,  85tf 
CoproUte  (dung  fouUy,  187, 

599 
Coral  rag,  568,  578 

foreign  etiuivalents  of, 

591 
Coral  reefs,  clearness  of  water 
on,  114 

described,  180 

great  bulk  of,  182 

raised  in  Java  and 

Timor,  183 

deposits  derived  ftom, 


206 


Joints  in,  217 
-  atolls     and 


barriers 


prove  depression,  281 

great     antiquity 


of,  705 
Coral  sea  of  Flinders,  182 
Corals  containing  magnesia, 

186 

■         animals  of,  881 
-^— -  palteozoic,  described, 

488 
Corallien,  groupe,  590 
Coralline  Oolite,  578 

Crag,  667 

Coralliophaga     (ooral-miing) 

cyprinoides,  669 
Corallium  (the  greek  name  for 

the  red  amU),  630 
Corax  (greek  name  for  afiahX 

631 
Corbicella  (a  rery  lUUe  baeket, 

lat.),  594 
Corbicula  (a  very  little  haeketf 

lat.)  tlumiualis,  686 
Corbis  (a  basket,  lat).  594 
Corbula  (a  little  basket,  lat.) 

pisum,  fig.,  645 

Vectensis,  649 

Cordierite  (after  if.  Cordier) 

passing  into  mica,  161 
Corfe   Dale,  section  across, 

468 
Cork  and  Kerry,  Carbonifer- 
ous slate  of,  510 
Combrash,  563,  573 
■  fossils  of,  574 

'-——  foreign  equivalents  of, 

591 
Corncockle  Moor,  fossil  foot- 
steps on,  547 
Comean  (homy,  lat),  69 
Comiferous  limestone,  503 
Cornish  and  Scotch  granites 

compared  by  Mr.  Sorby,  95 
Corastone,  118, 146 
series,  49C 


Cnmulites  (litHe  horn  fotsQ, 

lat.),  488 

serpularius,  475 

Cornwall,  granite  of,  newer 

than  that  of  Leicester.  813 
not  so  good  as  N.  of 


England  for  study  of  mine- 
ral veins,  366 

rocks  of,  491 

Coronarii    (erown-like,   latX 

628 
Corr^gGnus  (forehead  angle\ 

898 
Corsican  "  granite  "  or  diorite, 

75 
Corundum  (Korund,  Indian), 

82 
Corwen,  N.  Wales,  Carboni- 
ferous limestone  near,  296 
Corydalis  (  T  ),fAQ 

Corynldie  (dub-kind),  882 
Coi^hi^don  (peak  tooth),  053 

eocsenus,  642 

CosmolSpis  (eleaant  soale),  596 
Cosmos,   aitesinn   wells  de- 
scribed in,  226 
Costeaning,  370 
Cotta,    Professor,    Oesteins- 

lehre  of,  59 

on  dolerite,  66 

Cotyl$d6nes  (with  cotylidons), 

883 
Counter  lode,  370 
Country  or  ground,  in  mining, 

870 
Courtown,  limestone  at,  454 
Crania  (skuU-like,  lat),  881 
first  appearance  of,461, 

165 

Ignaburgensis,  fig.,  616 

Parisiensis,  617 

CraspedopCma  (fringe4id  or 

operculum),  653 
Craasatella  (a  little  (hick  sheU, 

latX631 

sulcata,  fig.,  645 

Craters  of  elevation,  835 
Crater  of  St  Paul's  Island,886 

of  the  Bromo,  887 

Cratloe     Hills,    Llandovery 

rocks  of,  455 
Cr€pidOptdris  (slipper  fern), 

535 
Crepidfila    (a    lUtle    tiipper, 

latX658 
Cretaceous  clay  slate,  271 
— — —  series,  overlaps  in  the, 

800 

period,  602 

rocks,  lie  and  position 

of,  in  England,  620 

clay  slate  in  Tiem  del 


Fuego,  624 
coal    beds 


in  North 

America,  624 
rocks  metamoiphic  in 

mica  schist  and  gneiss.  710 
Creux  de  Morel,  crater  of,  847 
Creuzot,  artesian  well  at.  226 
Cricacanthus(r<ny  spine),  686 
CricopOra  (ring  part),  6M 


Crinoidea  (lUyhind),  880 
CrioctoM  (ram's  ham),  628, 

681 

Duvalil,  609 

Crifltellaria  (lOUe  crett  kind^ 

lat.),  594 

rotulata,  616 

Wetherellil,  640 

Cristfiti  (crested,  latX  628 
Croaghan   Kinshela,   granite 

of,  87 
Crocodiles,  668 
Crocodilia  (crocodiles),  878 
CrocodiluB  (greek  name),  668 

champsoides,  642 

Hastuigsitt,  647 

Croghmarhin  beds,  494 
Gross  courses,  860, 370 
Crossopodia  (fringe  foot),  463, 

465,490 

lata,  479 

Scotica,  450 

Crotalocrinus  (oastanet  lily), 

488 


rugosus.  474 


Crum,  Mr.  Walter,  on  alumi- 
na, 27 
Crumlin,  near  Dublin,  pieces 

of  granite  in  limestone  at, 

301 
Crustacea  (having  crusty  oorer- 

ing,  Int.),  379 
Cruziana  (prop,  name)  senii- 

plicata,  fig.,444,464 
Ciyptocrinus  (obscure    lily), 

380 
CryptMon(Aul(fen  tooth),  613 

augulatum,  fig.,  641 

Cryptogamia  (hidden  generth 

tion),  383 
Cryptomeritcs  (hidden  part), 

594 
Crystallization  of  minerals,  60 

proof  of  fiuidity,  50 

Crystals,  the  six  systems  of, 

21 

axes  of,  21 

meaning  of.  21 

derivative  forms  of,  28 

holohedral  and  hemi- 

hedral,  23 
Ctenacanthus   (comb    spine) 

brevis,  530 
CtSnis  (of  a  comb),  694 
Ctenodonta  (oomo  tooth),  462, 

165,490 

Anglica,  477 

deltoidea,  496 

Eastnori, 

lingualis,  469 

Ittvis,  446 

— — —  semitruncata,  449 
Ctenddus  (comb  tooth),  586 
Ctenoids  (comb-like),  878 
Ctenol^pis  (eom6  scale),  595 
CtenophOra  (oos»5  carrying), 

881,  489 
Ctenoptychius  (comb  wrinkle), 

640 
Ctenostomftta  (oom5  mouthed), 

881 
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Cabe,  feces,  edges,  and  angles 

of.  21 

derivative  forms  of,  23 

Cuboldal  jolnti*.  2u7 
CuculUi:a(a  hotMi,  lat),  536 
-^— -  c<*8t«llata,  ()u7 
-~—  eUmgata,  588 

ttbnwa,  012 

HanllnKil.  fig.,  508 

obliin^n,  &88 

■  traix'ziuiii,  509 
Cuculk'la  (a  little  hood,  lat), 

465,  41H) 
-^^—  Anglicn,  446 

Cawdori,  477 

Cuina  (  /  cynuit  a  jrniy),  653 
CumberlAiid,     Cauibro  -  Silu- 

rianH  of,  453 
— ~  Ui>i>«r  Silurians  of,  482 

ImmiMith  from,  073 

Cnpaiioidcrt  (('((;>aR  itt-like),6bZ 
Cuitntssooriuus  (ct/jntssf  lily), 

M6 
Cypn'SHUH  (cj/prrw.  Int.),  5M 
CurculioIdfM  (irccvU  likf,  lat 

and  gr.),  53G 
Curmgh  of  Kildarc,  gravel  of, 

675 
Corrent  round  S.  Africa,  114 

among  coral  reefs,  132 

——— causing  oblique  lami- 
nation, IS'.) 

mark  or  ripide,  101 


H 


CursOreM  (niwMfra,  lat),  377 
CurtonotiiM  (short  back,  lat 

and  gr.),  508 

I'legans*,  fig.,  508 

Cuvier's  di\i.sions  of  animal 

klngilom,  376 
Gyathaxouia  '^cfip  orw),  477, 

487,  540 
Cynthin.-i  (atp-kind)   Bowcr- 

bankii,  (k)U 
Cyathocrlnus  (cup  lily),  483, 

547 

gonitwlactyina,  474 

tabulatUM,  530 

Cyatliophyllmu    (cvp    lcaf\ 

487,  540 
— —  angnstnm,  469 
ai'Hiiit«»sum,  500,  502 

■  '     mitratum,  531 
Cyathtiphora    (cm;)  -  lxaring\ 

594,  ri32 
Cybele  (the  mother  of  the  gods), 

461,  403,  405 
Cycadcilidra  (cycai-likf),  594 
■  mcgaphylla,  586 

■  micro])hyHa,  flg.,  587 
Cj'clarthniH  (mu nd  join t),  595 
Cyclarf  (acirclr,  from  tUegr.), 

653 
Cyclobranchiat  a  (circle  g  illed), 

380 
Cycloeladia  (round  hrandi), 

535 
Cyclocyilthus    (round    cup), 

630 

Fitt<mi,  600 

Cycloids  (circle  like),  378 
Cydollthus  (round  stone),  630 


Cyclnnema  (circle  tknad),4M, 

405,  4<.H) 

corallii,  477  ;  flg.,  479 

quadristriatum,  469 

rupestre,  450 

Cyclf)pti'rls  (nmnd  ftm),  585, 

576,000 

Hibemicns,  498 

CycloHt^ris  (round  tndive\  630 
Cycloatigma  (circle  dot),  498, 

509 

minutum,  flg.,  499 

CyclostOma  (roui^   mouth), 

053 
CycIost<5m&ta  (round  mou^A- 

ed),  381 
Cyclus  (a  cirrJe\  636 
Cylindrites  (cylinder  tUme), 

536 

aoutus,  672 

Cyn^loii  (ditg  tooth),  654 
CyiH?rit<"S  (ryprest  fouil),  635 
CyphaMi)iH  (incurved  ehield), 

403,  405,  490 

pygma-us,  475 

Cyitbastnva  (currrd  star),  630 
(.\vphon  (  ),  505 

C>i)honiscus    (curved    wood- 

liuse),  405 
CypbosOma    (gQjbou*    body}, 

031 
Cy]>ris  (name  of  an  island  and 

of  Venus),  536 
CyjirBLa  (a  name  etf  Venyu\ 

053,  003 

ovifonnls,  642 

Cypridi'a  (Jiike  a  cyprl^,  505 

fawMculata,  687 

Purbeckensis,  687 

tuberculata,  687 

Valdensis,  flg.,  606 

Cypridiua  (/I'Jte  a  cyprfcforaX 

540 

sorrato*striat«,  509 

HcliicfiT,  502 

Cji>rina  (a  wxme  of  Feniu), 

594 

rustica,  669 

CjTgna    (from     Cyrine     the 

daughter  of  Peneus,  or  the 

country  in  Africa),  594 

cuneiformis,  flg.,  641 

consobrina,  080 

eloiigata,  flg.,  687 

flnminalis,  fig.  087 

major,  005 

media,  flg.,  606 

puli'lira,  flg.,  649 

trigonula,  686 


C>itia  (    '  ),  662,  561 

Cyrtocuraa  (curve  horn),  462, 

405,  552,  661 
approximatum,     flg., 

470 

Vemealllianam,  529 

Cystidea  (btadder-kind),  880, 

403 
Cythenea  (name  cf   remcs) 

])arva,  008 
Cythcre    (name    of    Venue* 

Island),  636 


CythereidM  (Zifci  a  CytUvrX 

631 
CytherelU  (a  lUtU  Cytkire}, 

631 
Cytherel8(Moii9iiMro  Venus), 

631 
CytheroiwU  (CytJilre4ookiHgX 

465 


DaCHBTBiH  beds,  553 
Dactyldsmilia  (^nger  kni^X 

630 
Dadoxj^lon  (torch  trood),  535 
Dalkoy,    gneissose     granite 

near,  91 
l>alni«nltes  (after  JT  Do/man), 

603 
Dammarites  (Damtn&ra  pime 

foesil),  694 

Flttoni,  686 

Damoodah,  coal  field  of,  538 

Danien,  etage,  6S3 

Danube,  matter  soaiiended  in, 

111 
DapMiuA  (pavemtnt-llU),  605 

politus,  668 

D'Archlac,  Hiatoire  dec  Pro- 

gres  de  la  Geolc^e,  by,  50 
— —  on     contraction     of 

granite,  96 

on  If.  Oaudry's  disco- 


veries in  Greece,  666,  710 
Dartmouth  slate  group,  500 
Darwin  on  coral  reefs,  130 

cleavage  in  8.  Anieiica, 


269 
273 


■  foliation  In  S.  America, 

time  required  for  de- 
nudation of  Weald,  290 
on  volcanoes  and  coral 


346 


reefs,  344 

on  volcanic    islands, 

Porto  Praya  349 

Naturalist  s  Journal  of. 

893 

on  origin  of  speciea, 

897,  417 

on  Cretaceous  rocks  of 


&  America,  624 

fossil  animals  brought 


fh>m  8.  America  by,  607 
Dasmia  (in  paHitions),  658 

acuta.  640 

Das^us  (hairy  foot).  390 
Dasyflras  (hairy  tail),  806 

urslnus,  608 

Daubeny  on  volcanoes,  50, 

64,842 
Dauks  (or  donks).  12S 
Davis,  Mr.,  on  Lingula  flags, 

443 
Davy,  Sir  11.,  on  origin  of 

volcanic  action,  842 
Dawson,  Dr.,  onNova8ootia» 

631 
Dayman,  Captain.  RN.,  on 

Deep  Sea  soundings,  188 
«  Deads  **  (mining  term),  870 
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Decomposition,    method  of, 

14 
"Deep  Sea   Sotmdings "  by 

Captain     Dayman,     RN., 

12S 
Definite  proportion,  law  of, 

14 
Deinomis  (awful  &ini)  ele- 

phant43pu8,  698 

gigantens,  flg.,  698 

Deinosauiia   (ate/ul   liMonUy, 

698,  613 
Delnotherinm  (au/vi  beoH), 

664,665 

figantenm,  663 
ndicnm,  663 
Deiphon(        ?       >,  488 
Dela  Beche,  Sir  H.  T.,  Geolo- 
cal  Manual  of,  107 

on  aerial  rocks,  154 

on  mineral  veins,  359 

on  Tilestone,  476 

^^—  on  glacial  grooving  on 

Mount  Gabriel,  680 
Delesse,  M.,  on  kersantite, 
78 


on  eurite,  89 
on  contraction  of  igne- 
ous rocks,  96 
Delphinula  (a  lUtle  dolphii^ 

lat.),  595 
DelpMnns  (a  dolpMHf  lat.), 

664 
Deltas  of  brooks  inside  Mnr- 

rough  of  Wicklow,  100 
..  formation  of.  Ill 

a  fossil   one,  in  the 

Wealden  beds,  604 
Delthyris,   shaly  limestone, 

484 
Demeopdra  (  ),  631 

Denbighshire  sandstone,  467 
— -'—  Upper  Siloiian  rocks 

of,  481 
Dendr5dus  (tree  toafh),  497 
Dendrophyllia(tree  leaf),  653 
Dentalina    (tooth -like,    latX 

547 

acuta,  640 

gracilis,  616 

Deutolium  (tooth -like,   latX 

536 
^^—  ellipticum.  610 

striatum,  ng.,  646 

Dent&ti  (toothed,  lat.X  ^^ 

Denudation,  278 

— — —  is  production  of  new 

surfaces,  280 

is   only  producer  of 


vaUeys,  283 

•  instances  of,  in  Ireland, 


285 


of  mountains,  288 

proved  by  undulating 

beds  under  plains,  289 
•  of  Weald,  time  required 


for,  290 

marine  and  snbaerial 


of  Eifel,  290 

different  periods 


292 


of, 


Denudation  must  precede  nik- 

confonnability,  293 
— —  of  granite,  previous  to 

Old  Red  sandstone,  297 
involves  existence  of 


dry  land,  298 

of  granite  at  difTerent 


periods,  313 

of  Eocene  rocks  over 


Salisburv  Plain.  635 

dunng  Pleistocene  pe- 


riod, was  not  great.  682 
Dependence    of  geology  on 

other  sciences,  3 
Deposition   of    rock    excep- 
tional, 183 

residt  of  destruction 

of  other  rocks,  270 

of  minenls  in  veins. 


359 


Depression  of  land,  proved  by 
coral  reefs,  231 

of  Co.  Dublin,  during 


Carboniferous  period,  806 
of  British  Island,  re- 


cent, 686 

Depth  of  a  bed,  mode  of  de- 
termining, 236 

and  thickness  table, 

715 

Derbyshire,   lead   veins    of, 
357,  365 

toadstone  of,  523 


DercStis  (Syrian  god,  a  nur» 

man),  631 
Derivative  rocks,  52 
Derrymore  Glen,  Co.  Kerry, 

495 

Antrim,  Rhetic  beds 


of,  555 

Descent  of  species,  explains 
paleeontological  laws,  419 

D^erts  of  Sahara  and  Austra- 
Ua,  155 

Deslongchampsia  (after  M. 
Deslongchamp),  595 

Desmine  (  ),  44,  48 

Desnoyers,  M.,  on  flint  im- 
plements, 700 

Destruction  of  species,  390 

Determination  of  rocks,  me- 
thod of,  54 

Detritus  brought  down  by 
rivers.  111 

Devil's  Bit  Moimtain,  section 
of,  288 

Devil's  Glen,  slate  fh>m,  265 

Deville,  M.,  on  contraction  of 
igneous  rocks,  96 

Devitrification     (uftglasHng, 
lat),  27 

Devon  and  Cornwall,  rocks  of, 
499,  516 

Devonian  period.  491,  501 

imperfect  record  of. 


548 

Diabase  (a  paseage),  77 
Diadema  Bennettite,  613 
serialis,  568 


Diallage  (difference,   i.e.,   in 
cUava(fe},  37 


Diallage  rock,  76 
Diameters  of  the  earth,  221 
Diamond  conglomerate,  599 
Diastopdra    (interval     pore), 

465 
Dibranchiata  (two  gUl  kind), 

380 
Dic^ras  (tvnt  horn),  604,  631. 

Londsdalei,  608 

Dicer&tes,  calcaire  4,  623 
DichobOne  (d^  hillock),  653, 

663 

cervlnum,  660 

Dichocrinus  (twofold  lily),  536 
Dichddon  (split  tooth),  653 

cuspidatus,  647 

Dichograpsus  (split  pen),  465 
Dicotyles  (two  navels),   396 

697 
Dictydcha  (net  car),  382 
DictyonSma  (net  thread),  465 

sociale,  fig.,  444 

Dictyophyllum  (net  leaf),  559 
Dicynodon  (two  canine  teeth), 

560 
Didelphis  (two  wombs),  396, 

653 

Colchesteri,  642 

Didus  ineptus  699 
Didj^ograpsus    (twin   pen), 

459,  465 

caduceus,  449 

Murchisonii,  fig,,  446, 

454 
Difference   between    laminn 

and  beds,  178 
cleavage  and  folia- 
tion, 274 
surface  and  inside 

of  lava  streams,  334 

distribution  of  heat  in 


air  and  ocean,  386 

Difficulty  of  determining  con- 
temporaneity of  distant  for- 
mations. 407 

Dik€locepti&lus  (?  dikSlSce- 
phalus,  two  lump  head.or  di- 
kellocephalus  shovel  head), 
457 

Dimerocrinus  (bipartUe  lUy), 
448 

Dimorphastreea  (two  form 
star),  630 

Dimorphic  substances,  26 

Dimorphism  (double  form) 
24 

Dimpled  current  mark,  192 

Dingle  promontory,  oblique 
lamination  in,  190 

-  Upper  Silurian  in. 


483 


beds,  483,  494 


Dinomis  (see  Deinomls) 
Dinosauria  (see  Deinosauria) 
Dinotherium  (see  Deinothe- 

rinm) 
Dicecia  (dioelUng  apart),  880 
Di6rite    (division    or    boun- 
dary). 74 
Dip  and  strike  of  beds,  233 
Dip  Uble,  713 
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Echioidea     (spiny,     urchin- 
kind),  880 
£chinobrissu8  (ttoo  gr.  name» 

/or  a  sea  vrchin),  695,  682 
Echinocy&mus  (prickly  bean) 

pusillus,  flg.,  670 
Ecainoderm&ta  (jnickly  tkin- 

ned)f  380 
Echino  -  encrinites      (urchin 
lUy  fossil),  488 

arm&tus,  474 

Echinosphseritcs  (prickly  UM 
fossU),  463,  465 

aiinintiniD,  fig.,  450 

Balticus,  450 

£k:liiiiii8  (spiny f  gr.  naiMfor 
an  urchin), 

gTanalosns,  flg.,  612 

i)erlatii8,  570,  588 

Woodwardil,  flg.,  668 

Eclfigite  (select),  76,  78 
EdAphOdon  (pavemtrU  tooth)^ 
631,657 

Bucklandi,  647 

Edenderry,  oolite  in  Carboni- 
ferous UmcBtone  near,  142 
EdentSta (toothless,  lall 877 
Edge,  Mr.,  on  reversed  fault 

in  Queen's  County,  258 
Edniondia  (after  M.  Edmond), 

536 
Edriasterlda  (seated  star  kind), 
properly  hedriasterida,  380 
Edriophthalniia  (seated  eyed), 
properly   hedriopbthabnia, 
879 
Edwards',  M.  Milne,  Histoire 
des  Crustacees,  892 

on  eocene  mollusca,649 

Barton,  Sir  P.  de  M.  G.,  on 

fossil  flsb,  555 
Eggs,  fossil  gigantic,in  Mada- 
gascar, 698 
Egypt,  nummulitio  rocks  of, 

652 
Ebrenbcrg  on  infusoria.  134 
Eifel,  marine   and  sutMierial 

denudation  of,  291 
■  maars  in,  847 

mountains  of,  350 

limestone,  502,  504 

Elasmobrancbii      (laminated 

gilU),  378 
Elasmocsenia  (kLminated  ocb- 

nia),  630 
Elasmddus  (laminated  tooth\ 

6^ 
Elftter  (a  driver),  596 
Elbe,  B.,  minend  matter  in, 

111 
Electric  state  of  bodies,  14 
Elementary  bodies,  list  of,  18 
Eiephas,  665 

antiquua,  688, 692 

— —  meridionalis,  692 

primigenins,  688,  694, 

696 ;  flg.,  693 
prisons,  692 


Elevation  of  Tolcanio  islands 
relieved  by  eruption  of  ig- 
neous rocks,  845 

of  volcanic  ialands  not 


accompanied    by    disturb- 
ance, 346 
Elie  de  Beaumont  on  craters 

of  elevation,  835 
on  mountain  chains, 

353 
geological     map      of 

France,  591 
EllipsocephiQus  (oblong  head), 

455,465 

depressus,  443 

Elvanite,  90 

Elvans  of  Cornwall,  72,  816 

Emargintlla  (a    lUtU   notch, 

lat),  595,  619 
Emery  (ftam  Cap6  Bmeri  in 

island  Naxos),  82 
Emly  ridge,  county  Tipperary, 

286 
Emmons,      Dr.,     American 

geology,  181 

on    Taconic    system. 


438,  457 
£mys  (fresh  water   tortoise, 

Aristotle).  653 
EnallhSUa  (inverse  sun),  694, 

652 
Enallocrlnps  (inverse  {i7y),488 
Enchddus  (spear  tooth),  681 
Bncrinal  limestone,  484 
EucrinitM,    generations    of, 

growing  between  bed  ana 

bed,  181 
EncrinQrus   (lity   tail),   468, 

465,490 

punctfttus,  479 

variolaris,  475 

Encrlnus  (single   lUy),    669, 

560 

liliiformis,  flg.,  850 

"  End  "  of  coal,  212 
Endogenites  (endogen  foesil), 

632 

erosa,  flg.,  606 

Bndogens    (inside    growers), 

383 
Enoploclytia  (in  arms  illustri- 
ous), 631 

Sussexiensls,  618 

Entalophdra  (within  salt  car- 
rying), 681 
EntAmoconchus  (cut  up  shell), 

536 
Eocfene  (dawHcfreoent)rockB 

denuded  from  L  of  Wight, 

848 

period,  633 

bfds,  position  of,   In 

England,  634 
unconformable 


to 
Chalk,  635 

fonner  extension  of. 


Equatorial  protuberance  of 
earth,  221 

EqulseUtes  (horse-hair  foseiX, 
lat  ),549,  676 

Brodiei,  665 

Equisetum  (horse-hair)  colnm- 
nare,  571 

LyeUii,  605 

Equivalent  numbers,  14 

Eqnus  (horse,  lat),  666 

fossilis,  694 

pliddens,  698 

Erismacanthus  (discord  f 
spine),  586 

Eroded  surface  of  Carbonifer- 
ous rocks  under  New  Red 
sandstone,  and  of  Chalk 
under  Basalt,  near  Belfast, 
661 

Erosion  contemporaneous,  193 

of  rock  along  joints, 

219 

amount  of,   equal  to 

that  of  deposition,  279 

chief  producer  of  form 


of  ground,  281 

only  producer  of  val- 


Elevntion  of  land,  general  or 

local,  232 
— ^—  of  volcanic  islands,  844 


635 


Epidote  (increase,  from  growth 

ofcrystaJs),  41 
Epochs  of  geological  time, 

430 


leys,  288,  350 
Erosive  agencies  underrated, 

278 
Erratic  blocks,  672 
Eruption  of  igneous  rocks  re- 
lieves force  of  elevation,  846 
Eruptive  rocks,  53 
Eryon  (prop,  name),  595 
Escarpments,  residt  of  ero- 
sion, 283 
Esch&ra  (a  scab),  631 

Brongniarti,  640 

i^charlna  (»cah-like),  487 
Escher,  M.,  of  Zurich,  528 

on  St.  Cassian  beds,562 

Escholtz  Bay,   fossil   bones 

at,  694 
Eskers,  672,  682 

general  form  of,  683 

£sth€rla  (garment  like?),  596 

membranae&t,  606 

minuta,  561.  556 

Etna,  lava  dykes  aix)ut,  838 

age  o^  707 

Eucalyptocrmus  (iccU  hidden 
lUy),  488 

decorus,  474 

Enel^phas  (perfect  elephant), 

665 
Eugnathus  (goodjatr),  695 
Euhelia  (fine  sun),  594 
EuUma  (quite  smooth),  686 
Euomph&lus  (perfect  navet), 
466,  552,  661 

carinfitus,  477 

Comdensis,  446 

discors,  flg.,  473 

funatus,  473 

pentagonalis,  flg.,  527 

Permianus,  544 

pramuntius,  469 

mgosns,  473 

EupatAgus  (q/ten  thumping), 
663 


736 


INDEX. 


EupftOffni  HMting»i»,  <M7 
Eui.h6tide  (brillant  f),  76 
Eurite  (       T       ),  89 
veins  of,  near  Dublin, 

315 
Kuntniilthus  (?/roaf/ jair),  6M 
Eur>n«'»tUH  (t/rf>ad  Uick%  536 
Eury<K'rimij»  (brood  lily).  530 
Eur>'i»terlila»       (the       broad 

V'in(ffd\  379 
Eurvjit  i' niH  (ImKui  icing),  488, 

490,  498 
— —  abbivviatuii,  479 

aeiimiuatiiA,  480 

llneariM,  480 

niegalopH,  480 

l>y»P»H-'U»,  480 

Eurvtherium    (broad    beasf), 

6.V4 
Evans,  Mr.   F.  J.,  R.N.,  de- 

tcnnination    of  height   of 

Peak  of  LonilHxjk  by,  833 
chart  of  St.  Paul's  by, 

336 
Mr.  J.,  on  flint  imple- 

mentH  in  the  drift,  700 
EvervHt,  Muunt.highest  moun- 
tain in  world,  2'2i 
Ex.')m])les     of    geographical 

limitationN  of  species,  393 
Exf'igens  (mttiUU  j/roicf  r»),  383 
Ex(ig>-ra  (out  twisting)^  594 

colunilMi,  flg.,  612 

conioa,  617 

nana,  589 

Binuata,  flg.,  608 

virgilla,  flg.,  682 

Explanation  of  mining  terms, 

870 
Extent   and   termination  of 

beds,  185 
and    composition    of 

beds,  relation  between,  188 
Extinct  animals,  intermediate 

between    existing   species, 

606 
— —  in  Australin,  697 
c.ontemi>oranoous  with 

man,  703 
Extinction  of  species,  local  or 

total,  390 

gradual,  412 

Extracilmis  (extra  t  Wy),  595 
Briarcus,  flg.,  666 


Face  or  cleat  of  coal,  153, 212 

of  a  quarrj',  213 

Facherhue,   minute   volcano 

of,  291 
Fairliaim,  Mr., 

ture  of  deep 

kenfleld,  224 
Faleiferi  (Kythe-carrUrs.  lat), 

628 
Falconer,  Dr.,  on   Porbeck 

mammals,  416 
on    Pleicocene     and 

Pleistocene  mammals,  629 
on  Sewalik  fossils,  663 
on  Proboscidea,  664 


on  tempera- 
mine  at  DvL- 


Falonien,  eUge,  659 

Bopeiiear,  6M 

Faluns  of  Touraiiie,  MS 

fossil  shells  of,  66S 

Fan-shai>ed   arrangement   of 

cleavage  planes,  270 
Farlow,  pterichthys  found  at, 

49S 
Farringdon,    Greenland    of, 

619 
Fanciolaria    (bandrlikt  tMi, 

lat),  619,  653 
Faults,  or  dislocations,  245 
with  or  without  dis- 
tortion, 247 

vary  according  to  their 


own  numbers,  inclmations, 
and  combinations,  252 

along  strike,  253 

with  lateral  branchai, 


266 


inclinaUon  of,  257 

never    makes     acute 

angle  with   same   bed  on 

both  sides,  260 
connection      between 

contortions  and,  262 

and     igneous    rocka, 


connection  between,  268 
vertical  extension  of. 


263 


not  caused  bv  intm- 
sion  of  igneous  rocks,  264 
and  lodes,  connection 


of,  358 

large  in  North  Wales, 


448 


Fava  (honey-wmb  IUm,  latX 

r  694 

Favosites  (honey-eomb  tttmt, 

lat),  465,  540 

alveolaris.  461 

Oothlandica,  471 

polymorpha,  502 

Faxoe  beds,  602 
Fekes  or  feakes,  122 
Fcldsjwir  (fleldtpar,  Ger. ;  not 

/rtm  *  fdi' a  rock),  43 

glassy,  44 

Feldsjuirs  summarised,  47 
basis    of  all  igneous 

rock,  67 
Feldspathic  ash,  80 
Fclis  (caL  lat)  pardinenaia, 

693 

pardoides,  670 

speliea,  688 

Felstone,  69 

porphyry,  72 

prismatic  Jointing  of, 

214 

cleavage  of,  86^ 

trap  beds,  821 

and  greenstone,  aaao- 

ciation  of,  328 
Fenestrella  (a  lUtU  vHndow, 

hit.),  465,  487,  547 

antiqua,  507,  526 

capiUaTis,  449 

Lonsdalel,  472 

rctiformis,  flg.,  644 


Feniteit     Cove,     Wenlock 

rocks  oil  48S 

beds,  404 

Pilicites  (Jem  /o$Hl,  lat)  Be- 

bridicns,  flg. ,  659 
Filling  up,  contempoianeoQ* 

erosion  and,  19a 
Fimbriati  (fringed,  latX  «S8 
Fingal's  Cave,  basalt  of,  »1 
Fire  damp,  140, 370 
Firestone,  611 
Fish  of  North  Atlantic,  lini- 

Ution  of,  393 
Fisher,  Rev.  W.,  on  Pnrbeck 

beds,  686 
Fishes    browsing    on    coial 

reefs,  131 
Fissurelhi    (a    little    fisturt, 

Ut.X  695,  663 
Fissures  in  ice,  first  forma- 

tion  of.  described  by  Dr. 

Tyndall,  246 
FistulipAra  (vipe  port,  latX 

487,  636,  647 
FUbellaria  (fan-kind,   lalX 

535,667 

Lamononis,  648 

Flabellina(/aa-{iJte,  UtX  5M» 

632 
FUbellum  (fan,  lat)  Woodii, 

668 
Flagstone,  120 
Flanagan,  the  late  Mr.  James, 

436 
Llandeilo   fossils  col- 
lected by,  in  County  Meath, 

464 
"  Fhits,"  veins  so  called,  368 
coal    series   of    Mid- 
lothian, 622 
Flexuosi  (Jlexucvs,  lat),  028 
Flint,  82 
— —  forming  trom  siliceoua 

oiganisms  in  bed  of  Atlan- 
tic, 129 
— —  and  chert,  143 

implements    in   drift, 


090 


instnunents  deaciibed. 


C( 


bed**    of    a 


70S 

"Floor**    or 
quarry,  213 

Flucan    (vein-mintr^   ttrmX 
370 

Fluidity  of  centre  of  earth, 
226 

Flustra  (tJu  ixUm  ttaU  qf  iht 
tea,  lat.),  631 

— —  crassa,  040 

Fly,  H.M.8.,  voyage  of.  181 

Flysch.  052 

Foetid  limestone,  145 

Foliation,  168,  272 

different  fh»m  cleav- 
age, 274 

produced  by  intniaion 


of  granite,  275 

of  Leinster  district,  876 


Fontaineblean,  grte  de,  650 
Food,  to  be  included  in  cli- 
mate, 888 
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37 


F')ot.  Mr.  F.  J.,  on  joints  of 

County  Clare,  211 
uu  coluumar  felstone, 

217 
— ^—  on  coast  of  Clare,  220 

■  on  County  Clare,  512 
••  Footwall "  of  a  vein.  370 
Voraminifera      (hoU-heaTing^ 

lat),    forming    limestone, 
128 

■  '  some  species  the  old- 

est of  existing  species,  413 
of  Chalk,  625 


Forbes,    Mr.   D.,  on  Andes, 

on    oolitic    rocks   of 

Andes,  592 
Forbes,  Princii>al  James,  on 

glaciers,  104 

on   colour  of  water. 

115 
Forbes,  Professor  E.,  notion 

of   structure   of   Arthur's 

Seat,  331 
and   Bristow   on  Isle 

of  Wight,  348 

lones  of  marine  life, 


385 


provinces    of  marine 
life,  392 

on  generic  areas.  897 

proposed  Neozoic,  in- 
stead   of    Mesoxoio     and 
Kainozoic,  431 
on  Oldhamia,  488 

believed   Lower  Silu- 


rian univalves  to  be  oceanic, 
462 

on  flreshwater  shell  of 


Old  Red  sandstone,  498 

on  Purbeck  beds,  585 

and   Bristow  on  ter- 


tiaries  of  Isle  of  Wight,  636 
on  tertiary  echinoder- 


mata,  647 

upper  Eocene  beds  by, 

651 

on  leaf  beds  of  He- 
brides, 659 

on  drift  shells  in  Ire- 


land, 675 
Forest  marble,  563,  678 
Forest    of   Dean    coal-field, 

"horse"  in,  194 
Carboniferous     rocks 

of,  518 
Form,  laws  of,  21 

of  earth,  221 

of  ground,  is  a  scolp- 

tured  one,  281 

of  volcuiic  rocks,  882 


Forms,  specific,  once  extinct, 
never  reappear,  418 

Formations  change  Uthologl- 
cal  characters  while  re- 
taining the  same  names, 
428 

Fossil,  definition  of,  878 

— —  animals  more  nu- 
merous than  vegetables, 
400 


Fossil  chiclly  remains  of 
aquatic  uninials,  401 

vary  according  to  na- 
ture of  rock,  as  weU  as  ac- 
cording to  its  period  of 
formation^  404 

pecnUar  to  groups  of 


beds,  410 

variation  of,  in  seiies 


of  beds,  possibly  result  of 
gradual  change  in  species, 
419 

fh>m    arctic   regions. 


421 


practical    importance 
of,  422 

of  Upper  and  Lower 


Silurian  compared,  486 
of    lower    Coal-mea- 


sures, 514 
700 


ctf  Onadaloupe, 


Four  great  classes  of  rocks,  54 

actions  always  at  work 

on  globe^JOO 
Fox,   Mr.  W.,  electricity  in 

veins,  361 
France,  Carboniferous  rocks 
of,  531 

geologicalmaps  of,  591 

Eocene  beds  of,  650 

Meiocene  of,  662 

CtoliUc  rocks  of,  691 

Freagh  Hill,  Kilkenny  coun- 
ty, section  of,  296 
Freestone,  120,  568 
Prenelites,  653 
Freshwater    limestone     de- 
scribed, 143 

shells     of     Wealden 

period,  626 
Fringing  reefk,  130 
Frondicularia,  68^  657 
Fuchsite  (after  iVq/l  Fucku), 

45 
FuUer-s  earth  (an  inlier),  201, 

563,570 
Fundamental  gneiss  of  Sir  R. 
Murchison,  432 

granite,  807 

Fusibility  of  rocks  in  inverse 

ratio  to  their  density,  97 
Fusus  (a  $pindle,  lat),  695, 


619 


antiquus,  669,  668 
Bamfius,  688 
■  contrarius,  669,  676 
Fabricii,  fig.,  667 
islaiidicus,  688 
longsBVUs,  fig.,  646 
quMricostatOB.  064 
scalariformis,  llg.,  087 


Oabbro,  76 

OalapAgos  Islands,  plants  of, 

392 
diflbrent  birds  of, 

893 
Oaleopitheclni  (wea$d  or  mt 

moiMeyf),  376 
CMderites  (hat  fouiJ),  016, 031 

2l2 


Gnlliar.l,  120 
GiiUiux  (jumltry,  lat.),  377 
Galty  Mountains,  denudation 
of,  288 

structure  of,  826 

Qalway,    Llandovery    rock.s 


of,  488 

granite. 


078 
Ganges, 
transpo; 
del 


boulders   of. 


amount   of  matter 
>rted  by,  110 
elUof,  112 
Oangue,  371 

OanOdus  UKiny  tooth).  595 
Qanoidei  (f^inin^  acoMdX  378 
Ga|>s  in  the  paheozoic  series, 

547 

between   Oolitic   and 

Cretaceous  rocks,  601 
Garnet  (gararuttus,  low  lat), 

41 
Gasteropoda  (belly-footed),  880 
Gastomia  {Gtutom't  bird).  U53 
Gastrochu^  (belly  gape),  631 
Qaudry,    M.,    on    Meiocene 

rocks  in  Greece,  666 

on  rocks  of  Attica,  710 

Gaudryina  (after  M.  Gaudry), 

630 
Gault,  602,  609 
Gavialis  (Indian  crooodile),  653 

Dixoni,  647 

Gelkie,  Mr.,  and  Sir  R   I. 

Murchison.  on  gneiss  of  N. 

of  Scotland,  277 
and  Howell,  Messrs., 

on    geology     of    country 

around  Edinburgh,  831 
Mr,  on  Old  Bed  sand- 


stone, 495 

on  Scotch  Carbonifer 


ous  rocks,  522 

Gemmati  (gemmed,  latX  <^'28 

Genabacia  (forming  a  table), 
630 

Genera,  first  appearing  in 
Cambro  -  Silurian,  list  of, 
474 

Generic  centres  and  districts, 
396 

areas,  397 

Genesee  slate,  503 

Genetic  relations  of  minerals, 
49 

Geodes,  meaning  of,  note,  62 

Geognosy  (earth  knowledge),  8 

Geograpliical  distribution  of 
species  in  past  time,  406 

Geographical  limitation  nf 
species  may  be  result  of  de- 
scent of  species  from  others, 
and  consequent  variation, 
419 

Geological  survey  of  U.  K., 
proper  interpretation  of 
maps  of,  necessary,  299 

surveying,  711 

Geology,  restricted  meaning 
of,  5 

of  Russia,  by  Murchi- 
son, 671 


index; 


739 


QaptoUtes,  Nilsoni,  454 

priodoD,  453,  477 ;  flg., 

478 

sagf  ttarioB,  445,  454 

-i S^gwiokU,  458 

Wilaonl,  453 

■  ■  ■  none  in  Lingola  flags, 
459 

Granwackd  (disused  tsrm), 
note,  431 

Gravel  pit  at  St  Acbeol, 
section  of,  702 

Oray  wetheis,  839 

Great  Auk,  dying  out  of,  099 

Oolite,  563,  571 

— foreign  equiva- 
lents of,  591 

Oregarinld8e(/ocll:{n(7  together, 
Ut.),882 

Green  hills  near  Dublin,  esker 
opened  at,  084 

Greene,  Professor  Reay,  cor- 
rections of  zoological  classi- 
fication by,  710 

Grenelle,  artesian  veil  at, 
S25 

Chre^nland,  depression  of 
coast  of,  230 

Oreensand,  002 

near  Belfast,  called  the 

Mulatto  stone,  222,  001 

altered  by  basalt 


into  hard  grit,  331 
Greenstone,  09,  74 

ash  of,  81 

■         slate,  probably  ash,  82 

columnar,  210 

intrusive  sheets  of,  821 

—  beds,  dykes,  and  veins 
of,  821 

and  felstone,  associ- 


ation of,  838 
Orto  bigarr^,  549 
Grte  de  Beauchamp,  121,  050 

Fontainebleau,121,05O 

Fondingues,  061 

Gresslya  (after  Mr.  Gresdy), 

594 

abdncta,  570 

peregrina,  flg.,  574 

Orifllth,  Sir  R,  the  TeUow 

Sandstone  of,  498 

Carboniferous  Slate  of, 


600 


on  the  N.  of  Irehind, 
logical  map  of  Ire- 


615 

Reo; 

land  by,  557 


area  of  Antrim  basalt 

mapped  by.  600 

area  of  Galway  granite 


drifted 


mapped  by,  678 
— — —  on    bouldere 

northwards,  079 
Grifltthides  (after  Sir  B.  Grif- 

Mh)»  530 

globiceps,  530 

Grinsted  clay,  605 
Gristhoipe,  rocks  of,  570 
Gritstones,  117 
Gromia  (       ?       ),  882 


Ground  quite  surrounded  by 
faults,  rarely  if  ever,  250 

GrouiH*,  formations,  systems, 
411 

Groups  of  Ammonites,  028 

Gryphaea   (hook-^tased  like  a 
griffin),  594,  032 

dilatfita,  flg.,  577 

incurva,  flg.,  507 

vesiculosa,  013 

Guettarda  (after  If.  Guettard), 
030 

Guttenstein  beds.  552 

Guttullna  (a  small  drop,  lat), 
080 

Gynmos5m&ta  (noA^ed  bodies), 
380 

Gypsum  (gypsos  in  GreekX  84, 
148 

deposited  before  salt, 

137 

converted  into  carbon- 
ate of  lime,  160 

prismatic  Jointing  of. 


214 


Gyracanthus  (twist  spine\  530, 

547 

Oyrinus  (a  tadpole),  595 
OyrOduB(ft(;ts;  tooth),  595, 057 

Cuvieri,  580 

Manteliii,  005 

Gyrolgpis  (round  scale),  530 
Gyronchus  (round   tumour), 

595 
Gjrropristls    (twist    sawfish), 

547 
Gyroptichius  (twia  wrinkle), 

490 
Gyrosteus  (twist  bone),  505 
Gwynniad  (whUefish,  Welsh), 

898 


"  HADE,"of  afaultorvein,  871 
Hfematite  (bloodUone),  32 
Haibume   Wyke,   rocks  of, 

570 
Halcyomis    (halof/on    bird), 

053 
Baleoopsis  (herring  or  sprat- 
looking),  053 
Halitherium  (sea  beast),  654, 

064 
Hall,  Sir  J.,  converted  chalk 

into  marble,  100 
HiiUeflinta  (Swedish),  90 
HaUstatt  beds,  551 
Haldgens  (salt-producers),  13 
Halonia  (an  area),  535 
Halysites  (chain  fossil),  405, 

490 
catenularius,  459,  401, 

504 
Hamilton  or  Moscow  shales, 

503 
Hamites   (hook  fossil^   lat), 

628,  631 
— — —  attennatus,  flg.,  610 

rotundus,  611 

simplex,  017 

spiniger,  Oil 


Hampshire  basin.  684 

"  Hanging  wall  *^  of  a  vein, 
871 

Haplophyllia    (simple    Uaf), 
594,032 

Haplosmilia  (simple    knife), 
594 

Harbour  bars  in  drift  deposits, 
084 

Harkness,  Prof.,  on  "mother 
of  coal,"  153 

on  joints,  218 

on  rocks  of  Scotland, 

432.  453 

Harlanus  Americanus,  097 

Harpes  (a  harpy  f  or  a  fal- 
chion f),  403,405 

Flanagani,  451 

Harwich,  black  slate  below 
Chalk  at,  021 

Hastings  sand,  004 

Haughton,    Rev.    Prof.,   on 
mica,  45 

translation  of   Dnro- 

Cher's  Comparative  Petro- 
logy by,  59 

on  felstone,  71 

analysis  of  Wicklow 


greenstone  by,  78 

on   Leinster  granite, 


80 


on  protogine,  89, 170 

on  change  of  ^TUiite 

into  greenstone,  98 
on  Joints,  218 

on  thickness  of  earth's 


crust,  227 

-< — p  on  cl^vsge,  270 
on   feldspars   of 


the 


Leinster  granite,  310 

on  arctic  fossils,  421 

on  Cyclostigma,  498 


Hauterive,  marls  of,  622 
HawkesbuiT  sandstone,  534 
Hawkins,    Mr.    Waterhouse. 

diagrams  of  extinct  animals 

by.  694 
Hayden,  Mr.,  on  Cretaceous 

rocks  of  N.  America,  024 
Hazel  or  sandstone,  120 
Heading  (in    coal    mining), 

371 
Headon  series,  043 
Heat,  metamorphosis  by,  157 
Heat  and  water,  do.,  157 
Heathen  coal,  extent  of,  185 
Heave  of  a  fault,  240 
Hebrides,  gneiss  of,  432 
Hector,  Dr.,  on  Cretaceous 

rocks  of  N.  America,  024 
Helderburg  group,  484 
Heliastnea  (sun  star),  594 
HelioooSras  (spiral  horn),  628, 

031 
— — —  rotundum.  Oil 
Heliolites   (stin  fossil),    401 

465,  540 
Grayi,  472 

pOTOHft,  501 

pyriformis,  502 

I  Helix  (a spiral  coU,  lat.),  053 


740 
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Helix  DUrbuiI,  fig.,  «49 
Helladotlicrium        (Grteian 

beast),  666 
Heldilus  (naU  or  stud  tooth), 

536 
Hel/)ph5ra8    (UM/d^oarrjfing), 

59r» 

HemUfiter  (halfttar),  031 

Bailyi,  till 

Heniicaitlium  Wulferi,  553 
Hemicid&ris    (half    turban), 
505 

■  Davidjwnl,  584 
intennedia,  580,  688 

■  minor,  flg.,  572 

Purbcckcniiis,  586 

Ilcmicosniites  (hal/  omanunt 

or  ttphert  foBtHV  4<W,  4<J5 
HemihedraCAa^/^baMcO  crys- 

tAl8,  28 

Heniii>edina    (hoJIf   fwdina), 

5PJ 
Boinipnca8te8(%a(/  infaUd), 

esi 

Fittoni,  609 

Heniipristia  (haijtaw)  serra, 

064 
HeinipWra  (haJifwingtd),  379 
Hfinpstead  seriea,  636,  648 
HenneKSoy,  l*rof.,  on  volca- 
nic bonilM,  157 
on  e<iwatorial  protube- 
rance of  cArtli,  223 

on  thickness  of  earth's 


crust,  227 

on  terrestrial  climate. 


422 


k 


Ilonrv,  Mr.,  on  "white  rock 

trap,"  79,  329 
Herbert,  M.,  on  flint  imple- 

mentH,  700 
Hcrculaneum,    covered     by 

••a?«li,"68 
Heme  Bay.  Boction  at,  638 
Herscliel,  8ir  J.,  mention  of 

Parker's  jrroat  lens  by,  92 
outlines  of  astronomy 

by,  223 
Heterocfiras  {irrtffular  horn), 

628 
Heterocidilris  (irrtipdar  tur- 

ban)y  .^05 
HftenxroMiia       {irrtgular 

cania),  630 
Heiennioinic    (unusual  lair) 

isomorithism,  25 
neten)pliyllia  {irrtguUxr  leaf), 

536,  628 
HctcroiH'jra  (irr^fular  port\ 

487 

cryptoprtra,  616 

ramriBa,  588 

Hcxriprotddon  {six  front  teeth), 

663 
High  level  gravel,  636,  672 
Hightea  (       ?       ),  653 

elegans,  639 

Hills   of    circumdenudation, 

•>S1 

^ uptilting,  282 

Hils  conglomerati  623 


Hflsthom,  0S8 
Hiramalayah  moantatna, 
Hinnites  {vadsfomO,  lat^ftM 
Hippallmus  Qmtss  cJ  ths  sm), 

630 
Hiitpohyns  (koru  hogy,  665 
Hippopodiam(korw/oo<X  6M 

ponderosam,  fig.,  567 

Hi]>pAnyx  (horts  hoqf\  6S1 
Hippopotimos  (hoTM  rfotrX 

663,665,  688 

mi^or,  665 

Hipi>otheriam    (hons  (eosQ, 

665 
HippQrites  (hortt4aU  fomO^ 

535,631 

cAlcaire  k,  628 

Himant  limestone,  SOI,  447 
Histiodenna  (saU  skin),  487 

Hibemicnm,  flg.,  487 

History  of  formation  of  crost 

of  earth,  425 
Hitchcock,     Professor,     on 

American  bird  tracks,  560 
Hobart     Town,     contempo- 
raneous erosion  near,  196 
Holama  {all  beUy  f),  658 
Holectj^us  {ail  <m</onN),M)6> 

632 
Holing  (in  coal  mining),  871 
Holland,  composed  of  glacier 

mud  from  the  Alps,  105 
Holocwnia  {v/hntt  oernto),  680 
Holo<>yKtis  {all  bladder),  680 

elegans,  flg.,  608 

Holohedral  {ufholehaMdjety^- 

Uls,  23 
Holopeca  {uihoU  opening),  46S, 

465 

condnna,  flg, 450 


Holopella  {little  AotopcBa),46S, 
465,  41H),  552,  561 

cancellata,  477 

plana,  469 

t^nuicincta,  460 


Holoptychius  {aU  wrinklsd), 

497,  603,  536 

Hibbortl,  530 

Portlockii,  flg.,  529 

HoloaU'Sma  (whole  mouth),  681 
Holothuridea     (all    pcuuage, 

Greek  name  for  the  sea  cu- 
cumbers), 380 

feeding  on  coral,  183 

Homacouthos    (even    spine), 

536 
Hom&lonotas  (JUU  back),  461, 

463,  465,  490.  503,  504 

Ahrendi,  503 

armatus,  501 

bisulcatus,  453 

^— —  delphinoccphalos,  475 

Knightii,  480 

Homoeosolen  (regular  solen), 

631 
Homoiomorphous      (similar 

form)  bodies,  25 
Homoiozofc     (sUnHar     liM 

bolt«,  385 
Homonotus  (enen  hade),  631 
Uomopi^TSk  (even  vingisd),  505 


Hooker,  Dr.  J.  B.,  on  Him- 
malayan  glaeiera.  104 

—  on  delta  of  Brahma- 
pootra and  Ganges,  118 

Hoosick  slate  of  Dr.  Em- 
mons, 458 

Hopkins,  Hr.  W.,  on  power  of 
moving  water,  109 

— —  on  thickiien  of  eeitli*e 
cnut,  837 

<m  the  hiWB  of  ftvctnrs 

of  earth's  crust,  90S 

—  on  M.  K  de  Been- 
monf  s  theory  of  moontain 
chains,  858 

Hoploparia(iiianiioiir)  fienu* 
flg.,  630 

Hordwell  CIMT,  64S 

Horixon,  geological,  410 

HorljBontal  beds,  onoomfbtm- 
abUity  in,  394 

Homblende  (homdoMsUng, 
German),  87 

schist,  168         ^^ 

Homer,  Mr.  L.,  on  detritna 
brought  down  by  JUiine^lll 

Homstone,  166 

Horse,  871 

difl)erent  breeds  of,  418 

fonil  in  America,  697 

"Hone''  in  Forest  of  Dean 
coalfleld,  194 

"  Horscs'backs  **  in  coal  beds, 
190 

Horsham  beds,  604 

Hot  springs  fhnn  great  fis- 
sures, 836 

Howen  and  Oeikfe,  Messrs., 
CO.  geolf^  of  oomttry 
round  Edinbur^,  881 

Mr.,  raapjied  Bhvtic 

beds  in  BtaflbrdBhire.  668 

Howthhill,  formed  or  Cam- 
brian rocuka,  801 

Hoxne  in  Suflblk,  flint  im- 
plements at,  708 

Hudson  river  group,  466 

Huel  (Cornish  for  a  «i{ii€).87S 

Hugh  Miller  on  Old  Red  tbOu 
497 

Hull,Mr.E..  on  Alley  coal,185 

'  section  of  North  Staf- 

fordshire  by,  530 

section  of  Oolites  by. 


563 


on  great  Oolite,  671 

Humboldt  on  foliation  in  8. 
America,  378 

on  JoruUo  monntdbi, 

835 

Humming  birds,  restriction 
of  species  of,  394 

Hunt,  Mr.  Sterry,  on  white 
trap,  73 

on  dolomite,  1S6>  147 

—  on  occorrenoe  of  gra- 
phite in  metamoiphie  roSics, 


on  seipentlne,  167 


Hunter's  River,  N.  8.  Wales, 
ooalat,  684 
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Hunmiui  Miiei  orLofaii,438 
Hunt    Hill    near    JDudley, 

dcnne-ahaped  elevaUoii  of, 

847 
Hatt  River,  New  Zealand, 

elevation  of   land  about, 

230 
Hoxley,  Profeaaor,   deeerip- 

tion  4>t  deep  sea  oaxe  by, 

129 

claMiflcation  of  ani- 
mals by,  876 

-  on  graptolites,  469 

'  on  holoptychios.  498 

on  flah  of  Caithnesa, 


490 


Hyaena  (%og-likef  Greek  name 

for    tne    animal)  apelflsa, 

688,698 
Htkiuib  and   bears  former 

inhabitants   of  our  coun- 
tries. 696 
Hynnodon  (hycena  tooth),  656 
Hyalogens  (glau  produoen), 

18 
Bybodypns  (kwmp  dypusf), 

695 
Hybddus  (hump  tooth),  669, 

682 
acntus,  581 

'         keui>erinus,  666 
■     ■  -■  minor,  567 
-—  Mongeoti,  661 
'  obtusns,  680 

—  reticulatus,  668 
'  strictuB,  684 

Hybrids  or  mules.  417 
Hydatica  (o^ua/tc),  636 
Hydnophora  (tru^Jle-carricr), 

630 
Hydraulic  limestone,  146 
Hydrldie    (tpater,    or   hydra 

kind),  382 
Hydrobia  (wattr  livifig),  696 

Chastellii,  flg.,  649 

Hydroceph&lus  (looter  head), 

456 
Hydrc^n  (vxUer  producing), 

30 
Hydruzda    (vsUer    onimo/A 

882,489 
Hylseosaurus  (forut,  or  voald 

lizard%  629,  631 

Owenii,  606 

Hymenoc&ris         {membrane 

8hrimp\  466 

vermicauda,  flg..  444 


Hymenopliyllla      (memirane 

(ea  0,630 
Hymenophyllites  {memhrane. 

lea//ossU\  536,  600 
Hymenupt^ra        (membrane 

winged),  878 
Hyopot&mus  (hog  river),  653 
■  bovlnus,  650 

r-  Vectensis,  650 

Hvperite    (7  contraction   of 

hypersthenite),  76 


Hypenthene  (eaetra  ttftnglh), 

87 
HypersUiSnite   (hyperttbene 

rockl  76 
Hypsddon  (high  tooth),  631, 

657 
Hyracotlieriam(%yraiC*  beaal), 

653 

leporinun,  642 

Hythe,  lower  greensand  ot, 

607 


IaztthIna  (IdiUht,  a  proper 

nanu),  462 
Ice    and    snow,    geological 

action  of,  102 
Icebergs,  geological  action  ot, 

105 
formerly  floating  over 

Ireland  and  N.  Europe,  681 
Ichnites  (foot  track  fosHl),  647 
Ichthyocrluus  (JUh  lUy),  488 
Ichtliyopterygia  (fish  Jinntd), 

878 
Ichthyosaurus   (fUh   limird), 

378,  595,  508,  618,  632 

campylddon,  618 

communis,  668 

trig5nus,t  582 

"Ide,"   meaning    of   words 

tenninating  in,  14 
Ideal  section  of  volcanoes, 

332 
Identical  species  no  proof  of 

strict  contemporaneity  in 

distant  formations,  407 
Idmonea  (proper  namet),  694 
Idocrase  {^ixed  seemtnok  40 
Igneous  rocks,  60,  64,  67 
metamorphosed, 

172 


and  faults,  no  con- 
nection between.  263 

of  CarDoniferous 


period  in  County  Limerick, 
b25 

origin  of,    deep- 


seated,  341 

rarely 


,    appear  as 

centres  or  axes  of  elevation, 
346 

only  accidentally 

connected    with    mineral 
veins,  365 


named  from  lltho- 
logical  characters  onlv,  427 
of  Carboniferous 


period  in  England,  622^ 
Iguan6don    (Iguana    tooth), 

378,  689,  631 

llBitellii,  606,  607 

lUsmus  (squint  eye),  466, 461, 

463,  465,  490 
— — —  Barrensis,  475 

Bowmanni,  461,  462 

Davisii,  flg.,  461 

Murchisonii,  447 


mawaira,  N.  S.  Wales,  coals 

at,  634 
Inclination  of  beds,  238 
— proof   of   move- 
ment in  earth's  crust,  228 
offkttlts,  257 


Inclined  beds,  fault  travers- 
ing, 249 

axis  of  earth,  effect  on 

climate  of,  3S7 
Included  group  of  beds,  201 
India,  coalflelds  of,  533 

Oolitic  rocks  of,  592 

——Cretaceous   rocks  of, 


624 
652 


Nnmroulitic  rocks  of. 


Meiocene  beds  of,  663 

old  glaciers  of,  689 

Indian  Ocean,  dei>osits  in,  206 
"  Indications  "  of  mines  not 

to  be  trusted.  36S 
Indifferent  bodies,  16 
Inferior  Oolite,  56S,  591 
Infero-branchiata        (nether 

giUed),  381 
Infusoria      (infueion-loving, 

lat),  134,  382 
Inlier  (propoeed  term  for  an 

included  group  of  beds),  201 
Inocerftmus  (Jlbrt  shell),  636, 

632 

Brongniarti,  617 

conccntricus,  609 

Lamarclcii,  flg.,  616 

mytiloides.  llg.,  615 

sulciitus,  flg.,  610 

Inoperculfita  (without  a  lid, 

lat),  380 
InsectivOra     (insect     eating, 

lat.),  877 
Insects  of  the  Coal-measures, 


539 


Oolitic  rocks,  698 
Wealden  rocks,  629 


Intercalated  intervals  neces- 
sary, 182 
Intercollino  spaces,  860 
Internal  temperature  of  the 

earth,  224 
Interstratiflcation    of   beds, 

196 
Intervals  betvreen  beds,  179 

proved  by  fossils,  180 

by  termination  of  other 

beds,  182 

in  French  Eocenes,  184 

in  Irish  Carboniferous 


rocks,  184 
Introduction  of  now  species 

gradual,  412 
Intrusion  of  igneous  rock  and 

elevation  of  ground,  not  re> 

lated  as  cause  and  enbct,846 
Intrusive  rocks,  53, 821 
and  contemiK>raneous 

trap,  distinctions  between, 

82S 


*  Hyrax  is  the  Greek  name  for  the  shrewmoose ;  it  is  now  given  to  a  imall  pariasodaoty- 
Uaa    Bee  p.  877.  f  TrigOiros  meu»  A^(^  (Mrd  generation. 
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Inversion  of  bods,  243 
Invortcl  (*(»al  l>c<bi  Id  Belgium 

and  Cnunty  Cork,  243 
IlMiwi<:h,  Curalliue  Crag  near, 

(i07 
Irelnnd,  clenvage  in  8.  of,  207 
iuHtauceti   of   denuda- 
tion in,  2tC) 

central  plain  of,  289 

-  HiiccenKive     unconfor- 


luabilitiei*  in,  2M 

relative  age  of  granite 


in.  313 

]»arallel  ranges  of  hilLi 


in  ».  of,  3:>1 

gnc'itM  and  mica  schist 


i.f,  43^J 

Cnuilirian  rcK'ksof,  436 
Lingul.'i    flagii    absent 


fnnii,  4:'>3 

hlnndi'ilo  flags  of,  453 

Bala.  iK'tU  «>f,  4M 

UiiiK'r  Uiluriau  rocks 


of,  483 

Old  Reii  sandstone  of. 


4l»3,  41»8 

Carboniferous  series  of. 


61  :> 

507 


CarlMmiferous  slate  in, 

Pennian  rocks  of,  540 

TriuKHif  rockii  of,  554 

Uhu>tio  IkjiIs  in,  555 

lH)8ition  of  New  Red 

rfaudntone  in,  557 
Oolitic  Ufb*  of,  584 

Cretaceous   rocks    of. 


021 


>  Meiocene  rocks  of,  660 
-  Ploistttcone    beds   in, 

limestone    gravel   of, 

erratic  bliK-ks  of,  678 
glacier    markings   in, 

change  of  form  in,  if 
deprcsHCii,  6S1 
RskerH  i»f,  682 

extinct  animals  of,  695 


674 
674 


6S0 


Ireleth  Hlates,  482 

IriKh  di:i!nondrt,  32 

Irjrth  elk,  found   in  gravel, 

<;lay,  ami  peat,  6y5 
Irish  t5ea,  nature  of  bottom 

of,  115 
In)n,  soHqui(^xide  of,  soluble 

in  water,  27 

spar,  34 

(jre  in  l>oda,  356 

sand,  rM»7 

Ironsttme  ImiIIm,  156 
Irregular  distribution  of  land 

and  water,  effect  on  climate 

of,  388 
Irregularities  of  earth's  sur- 
face, 223 
of  contents  of  mineral 

vein,  800 
l8a«tra'a  (tqual  ttary,  632 
Conybeari,  571 


Isastnea  ezpUnata,  579 

oblonga,  fig.,  584 

Iscbadites  (JUf/oud\,  488 
IschytMus    (strength    tooth), 

6V5,  632 

Townahendi,  584 

Isis  (Egyptian  goad€$$\  480, 

630 
Islands  on  coral  reefk,  133 
in  Carboniferoua 


in  what  is  now  the  County 

of  Dublin,  306 
Isle  of  Wi(^t,  uniclinal  carve 

in,  242 

Chalk  downs  of.  603 

Eocene  rocks  of,  644 

Isthmuses  of  Suei  and  barien 

form  narrow  divisions  be- 
tween  distinct    biological 

provinces,  893 
Isoarca  (et/ual  aroaX  55S,  659 
Isocardia  (equal  heart  Mhtil), 

594 

minima,  674 

tenera,  688 

Isodlns  (equal  toothed),  505 
l8o<lonto  (eqwU  tooth  thttl), 

594 

triangnlare,  588 

Isomorphism    (equal    farm), 

24 
Isomori)hou8  substances,  25 
Isotonics  (equally   divitiblt), 

25 
Italy,  Eocene  beds  of,  053 

Meiocene  beds  ot,  663 

Pleiocene  beds  oj^  671 


Jacxev,  or  jackbead,  pit,  871 
James,  CoL  Sir  H..  on  ik>s1- 

tion  of  earth's  axis,  2S3 
on  deflection  of  plumb 

line  at  Edinbuiigh,  225 
drift  shells  fonnd  by, 

in  Ireland,  675 
James  River  beds,  663 
Jameson,  Prof.,  on  granite, 

85 
Jardine,  Sir  W.,  his  Ichnology, 

546 
Jasitcr  (iaspU^  gr.),  32 
Java^  volcanoes  of,  333 
Jell'nes,  Mr.,  on  solution  of 

silica,  50,  861 
Jerea  Odereia,  a  priestess),  630 
Jet,  153 
Johnson,  Mr.,  on  trou^  fault. 

201 
Johnstone's  Physical  Atlas, 

98 
Joint  action  of  elevation  and 

denudation,  281 
Joints,  'J07 

cul)oidal  or  quadran- 
gular, 2U7 

in  limestone,  208 

in  granite,  209 

master,  209 

bulging,  210 

open  and  cloM,  910 


Joints,  incoeMiTe  foimatkA 

of,  210 
in     Barren,     Coontj 

Clare,  211 

in  ooal,  313 

art  of  qoanrylng 


de- 


pends  on,  218 

piismatio,  318 

inbMalt^SlS 

caose  of,  217 

in  slaga,  817 

in  cond  reef  rock,  317 

suifaee  exhibitioa  ot. 


218 


stady  of.  necenaiyfSor 

landscape  painter,  318 
■  eroaion  along,  810 
Jorollo  Monntain,  aappoted 

crater  of  elevation,  885 
Jupiter  Serials,  temple  at, 

elevated    and    depreiiod, 

230 
Jura      Xoontalnf,     eorrwl 

strike  of,  851 

beda  forming;  580 

cretacte. 


Jaraaalc  period,  563 


KAMn,673 

Kane,  Sir  R,  on  solutioii  ot 
lime,  83 

Director  of  Xateom  of 


Irish  Indnstry,  437 

on  indostrial  priaonen 


of  Ireland,  081 
Kantark,  coal    aqaeeaed  in 

contortiona  near,  838 
KaoUn  (Chinemi  121 
Karpathen  sandstein,  688 
Kattra  shales,  508 
Keane,  Mr.  lurcoi,  on  *'  pof- 

flng-holea,"  230 
Mr.  U.,  of  Loop  Head, 

242 
Keeper  groap  of  moantains, 

288 

Hills,    atraotore     of. 


near  Limerick,  825 
Cambro-Silorians 


455 


of. 


KellU  (after  Mr.  (TKeU^  qf 

Rochestou*n,  House,  Killineg, 

near  Dublin),  663 
Kelloway  Rock,  570 
foreign     eqnhra- 

lentaof,  591 
Kelve,  133 
Kendal  group,  483 
Kenmare  Bay,  discolooration 

after  storm,  115 
great  Joints  near, 

209 


Carboniferoua 


slate  of,  510 
Kentish  rag,  607 
Town,  red  rocka  belon 

Chalk  at,  607 
Ken7,  roountaina  of,  288 
Kersantite  (       t       ),7H 
Keuper,  549,  661 
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Keoper  of  Brttain,  568 
Kilcbre,  Chair  of,  454 
Kilkenny  County,  boonduy 
of  tapper  palnosoic  rocki  ii^ 


Killaniey,  drift  at,  879 

KiUas,  871,  079 

XilUnej  Hill,  near  Dublin, 

gnnite  quarriea  of,  209 
— — —  granite  veins  at,  814 
KflmastaUagh  Valley,    drift 

mounds  in,  0S2 
KUnaleck.  coal  sqneesed  in 

eontortions  near,  S88 
^—  anthracite   in    Lower 

SUnzian  rocks  at,  454 
Kfltieman,    reindeer    boras 

found  at,  090 
KUtorkan,  sandstone  of,  498 

fossils,  499 

KimmeridKe  clay,  503, 581 
— — —  fwelgQ  equivalents  of, 

691 
Kinahan,  Hr.  O.  H.,  on  coal 

at  Kantnrk,  888 

'■ —  on  reversed  fknlt,  258 

—  on      Cambro-Silurian 

rocks  €t  Limerick,  etc. ,  455 
on  Carboniferous  lime- 


stone, 518 

Dr.  J.,    on    existing 


British  species,  401 
I  Oldh 


458 


on  Oldhamia,  437,  488, 


Kinds  of  animals  and  plants 

most  likely  to  occur  fossil, 

400 
King,  Professor,  on  Ardtrea 

Broestone,  540 
Permian    Fossils 

of,  544 
Kinsale,    contortions    near, 

287 
Klrby,     Mr.,    on    Permian 

rocks,  542 
Knockfeeilna  ranges,  struc- 
ture of,  852 
Knockmealdon     Mountains, 

288 
Knockshigouna,    rocks     of, 

455 
Knorria  (after  M.  JSTnorr),  509, 

685 
KonninoUa  (after  M.  de  K<n^ 

ninek),  552,  559,  030 
Kdssen  beds,  552 
Kreide,023 
Kupferschiefer,  542 


Labschia  (after  Sir  H.  da  \a 
Beehe),  487 

Labradorite  (flrom  Lobnufor), 
42 

Labrophigns  {voracious  eater\ 
053 

Labyrinthddon  (labyrinth- 
tooth),  547,  555,  5tf0 

'  giganteum,  flg.,  550 

Labyrinthodont  order,  548, 
501 


Labyrinthodonta   (labyrintK- 

toothed),  S7S 
Lacerta  (liaard,  lat),  595 
Lacertilia  {Jiizardrkind,  lal), 

888 
Lacophllus  {lake-loving,  lat 

and  gr.  ?  limnophilus),  595 
Lacuna  (a  trtnm  or  a  gap, 

lat.),  580 
Laeckenien,  systime,  050 
Lamantine.  603 
Lambay    Island    formed   of 

Lower  or  Cambro-Silurian 

rocks,  301 

Bala  beds  of,  454 

liunellibranohiata  {pUxU  gill- 

ed,  lat),  381 
Lamine,  thickness  of,  IT, 

of  lead  ore  in  beds,  303 

Lamination,  108, 177 

irregular.  189 

Lamm«rmmr  Hills,  453 
Lamna  (a  blade,  lat),  031 

acuminata,  018 

el^ans,  flg.,  014 

Lamongan,  volcano  in  Java, 

333 
Lancaster  and  Wright  on  deep 

shaft  in  Nottinghamshire, 

521 
Land  movM  first  to  produce 

a    permanent    change    of 

level,  S28 
and    ocean    climates, 

384 
animals    of    Wealden 

periojl,  025 
Landenien,  syst^me,  051 
Landslips,  102 
Lap&rus  (the  abdomenX  053 
Lapse   of  time    marked   by 

plane  of  stratification,  185 
Late  appearance  of  geology  in 

science  accounted  for,  2 
Lateral  change  in  lithological 

character  of  beds,  201 
shift,  appearance    of, 

produced  by  vertical  throw, 

249 

pressure,  source  of,  in 


Lehm  of  Rhine  valley,  089 
Leinster  granite,  85 

analysis  of.  com 


dislocations,  262 
Laurentean  gneiss,  433 
Lava,  59 
streams,  structure  of, 

334 
Lavas  and  traps,  dilference 

of,  334 

dykes  and  veins,  338 

Law  of  approximation  to  liv- 
ing forms.  411 
Lead  veins  in  Derbyshire  and 

North  of  EngUnd,  357 
ore   in  Carboniferous 

limestone,  857 
Leader,  in  veins,  871 
L€da  (the  mother  qfCkuior  and 

Polltixl  636 

rostrfita,  087 

LegnonOtus  (fringe  hackX  595 
Lc^unenosites   (podAike  fos- 

tU,  hit),  039,  053 


pared  with  Durochers,  88 
district,  cleavage  and 


foliation  of,  275 

granite  shewn  because 


of  denudation,  289,  310 

laid  bare  before 


Old  Red  sandstone,  313 

elvans,  310 

granite,  width  of  sur- 


face great  in  proportion  to 
lowness  of  ground,  318 

granite  boulders,  078 

Leiodon  (smooth  tooth).  031 
Length  of  time  required  for 
pseudomorphic  action,  102 
of    interval    between 


laminae  and  beds,  179 

of  time  for  succession 


of  beds,  183 
Lentaignc,    Dr.,   on   granite 

boulders  in  Carbonuerous 

limestone,  140 
Lenticulites  (little  lens  fostU, 

lat)  complanatus,  004 
Leopard  and  Jaguar,  395 
Leperditia  (    ?        ),  405,  490 

mnrginata,  480 

Lepidoster  (gceUe  star),  488 
Lepidodendron    {scale    tree), 

603-535 

elegans,  fig.,  525 

Lcpid/:ilite  (wxiZy  stone),  45 
Lepidonielane  {scale  Uack),  46 
Lepidophyllum   {scale    Iwfy, 

635 
LepidoptSra    (acaZe  vnnged), 

379 
LepidostCns  (scaly  hone),  653 
LepidostrCbus  (scaly  jir<one), 

695 

omatns,  523 

Lepidutus  (sctily),  695, 032 

FitUmi,  605 

macroolieirus,  578 

Mantelli.  587 

Lcpracanthus   {rough  spins), 

536 
LeptAcanthus     (fine    spine\ 

686 
Lepta?na  (slender  shell),  381, 

461,  405 

Moorei,  560 

plicata,  502 

sfissa,  452,  409 

transversalis,  452 

Leptod6inus   (slender  hauM), 

640 
LeptolCpis  {delUxxie  scale),  596 
macrothalmus,       fig., 

377 
Leptophyllia  (delicate   leaf), 

630 
Lept^ria  (slender  bounds),  031 
Leslie,  Prof.,  on  increase  of 

density  in  air  and  water  at 

great  depths,  226 
Lesmaliago,   Upper  Silurian 

of,  482, 495 
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I^oplHead,  County  Clare, 
uniclinal  curves  in,  24*2 

Lophiddon  (ridge  toothy^  God, 
665 

minimus.  647 

Lophiostdmus  (crest  mouth), 
631 

Lophlotherimn  (crest  beast), 
654 

Lophophea  (mane  or  crest 
shewing),  881 

Lophophyllum  (crest  leaf),  536 

Lophosmilja  (crest  knife),  631 

Lorraine  shale,  456 

Lorictila  (a  litUe  coat  of  mail, 
lat),  681 

Loughahinny,  contortions  at, 
238 

Low  level  gravels,  686 

Lower  Cambrian  rocks,  434 

Cretaceous  roc^,  604 

Eocene  group,  637 

Greensand,  607 

Lias,  563 

Limestone  shale,  con- 
glomerate in,  186 

extent  of,  187 

at     Donabato, 


301 


511 


617 


of  8.    Ireland, 
of     S.    Wales, 


Llandovery  rocks,  466 
Ludlow  rocks,  475 
Old    Red   sandstone, 

Oolites,  564 

lateral   change 

in,  208 

Palffiozoic  rocks  of  8. 


495 


B.  of   Ireland,  paper   on, 
quoted,  71 
Pentam5nis         lime- 


stone, 484 

Silurian  (or  Cambro- 


silurian)  period.  441 

rocks,  in  County  Dub- 


lin, 301 
of,  324 


traps  and  ashes 
-metamorphosed 


into  mica  schist  in  Lein- 
ster,  455 

of  N.  America, 


456 

Lox&don  (oblique  tootA),  666 
Loxonema    (oolique   Viread), 

487,  662,  661 

fasciatum,  flg.,  544 

Lefebvrei,  528 

sinuosum,  477 

Loxostdrous  (wry   movthed), 

663 
Lucemarldee  (lamp-carrying- 

Jnnd,  lat),  382 
Lucina  (name  of  a  goddess, 

lat.),  536,  663 

crassa,588 

Portlandica,  flg.,  684 

proaria,  602 


Ludlow  bone  bed,  ext«nt  of, 

186 

rocks,  468 

group,  476. 

fossils,  478 

Lugnaquilla,   granite  nearly 

concealed  by  mica  schist 

on,  318 
Luidia  (from  Mr.   Uoyd  or 

Llwya),  696 
Lund  and    Claussen,    MM., 

on  fossil  animals  fh>m  S. 

America,  697 
Lumbricaria  (earth%eom-like, 

lat.),  463,  466 
Lunuiacardiom  ttittle    moon 

eardiwn,  lat.)  Footii,  614 
Lmmlitea  (liUU  moon  fimil, 

lat.),  631 

cretaceous,  616 

Lutraria  (otter  shell,  lat),  686 
Lycett,  Mr.,  on  Upi)cr  Lias, 

665 

on  Great  Oolite,  571 

Lycopodites  (voolf's  foot  fo$- 

sU),  635.  657 
Lydian  stone  (firom  Lydia), 

32 
Lyell,  8br  C,  on  volcanic  and 

plutonic  rocks,  58 
on     destruction     of 

coasts  by  sea  action,  100 

on  the  Ganges,  100 

on  landslips,  102 

on  bursting  of  lakes, 


107 


on  falls  of  Niagara,  107 

on  shape  of  flragments 

moved  by  water,  109 

on  cycle  of  mutations 


of  rocks,  172 

Manual  of  Elementary 


Geology,  181 

on  8x>eciflc  gravity  of 


earth,  226 

on  elevation  and  de- 


pression of  land,  229 

on  lava  beds  of  Etna, 


325 
335 


on  craters  of  elevation, 

on  la\'a  dykes  about 
Etna,  338 

on  intercolline  spaces 


between  volcanic  hills,  360 
on  mammals  in  Pur- 


beck  rocks,  416 

on  effect  of  change  of 


position  of  land  on  clmiate 
of  earth,  421 

on  Hallstatt  and  St 


Cassian  beds,  662 

grouping  of  Cretace- 


ous rocks  by,  602 

■  on  Cretaceous  rocks  of 


New  Jersey,  624 
on    nomenclature 


of 
Tertiary  perloda,  033 

on  Belgium  tertiaries. 


660 


Lyell.  Sir  C,  on  Crag  near 

Antwerp,  671 
on  Pleistocene  beds  of 

SicUy,  690 

on  fossils  of  the  three 


Crags,  691 

on  flint  implements  in 


on  Meioc«i|«bedii,  WS 

2k 


drift,  700 
Lyellian  philosophy  the  true 

one,  279 
Lyginodendron  (vine  trf<),636 
Lyrodesma  (lyre  hinge),  466, 

490 

cuneatum,  469 

planum,  462 


Macacub  (       T       ),  <M2,  664 
MacAndrew,  Mr.,  found  Fu- 

sus  contnuriuB  living  in  Vigo 

Bay,  692 
MacClintock,  Captain  Sir  F. 

L..    brought   Oolitic    and 

other  fossils  fh>m  arctic 

regions,  420,  694 
MacellMus   (pick-axe    tooth), 

696 

Brodiwi,  588 

MacEner^',  Rev.  Mi\.  fossils 

found  in  Kent's  Efole  bv, 

609 
Machair6dus  (sabre  foo(ft),666, 

693 
Macigno,  662,  710 
Maclaren,  Mr.,  on  true  struc- 
ture of  Arthur's  Seat,  331 
Macles,  or  twin  crystals,  24 
Maclurea  (after  Mr.  Madvre), 

460,466 

Logani,  446 

Peachii,  446 

Macrauchenia  (great  neck)  697 
Macroceph&li  (pig  heads),  628 
Macrocheilus  (btg  lip),  462, 

466 

fusiformis,  470 

ovalis,  628 

pusillus,  628 

symmetricus,  flg.,  644 

MacropOmus  (great  lid,  i.e.  gill 

cover),  618,  631 
Macr5])ns  (Mg  foot),  897 

Athts,  697 

Titan,  6OT 

Macrorhynchus  (big9nout),b9b 
Maorosemius  (big  mark),  596 
Macrostylocrlnua  Oary«  styl^ 

lUy),  488 
Macrotherluro  (big  beast),  666 
MacrOra  Yflrrea^  tail),  6S6 
Mactra  (a  kneading  trough), 

636 

constricta,  flg.,  670 

solida,  687 

Madagascar,  fossil  bird  in.  698 
Madeira,  lava  dykes  in  clitni, 

339 
Maandrastnea         (maander 

ftor).  631 
Mnandrina  (winding  like  R. 

Mtnnd0r),  594 
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il<)wii  l»y,  111  I 

MiMiMtri.ht  U*U,  M2,  61  rt 
Miiipm  (the  hr'ulijc  of  a  (iruk 

]>IUMilA,  017 

MttKiK'HiAi  <"nrlH»nat<!  of,  33, 

13:> 

HlH<'nt<'H  of,  3f) 

MaKiioHiai)  UiiiokIotic,  3-1, 147 

the,  54ti 

MnKii«'Miti',  33 

MnKin»tUi  (tiSivT  M.  Mngnnt)^ 

f.'.i.". 
Mfv1<)li<'n  (       ItAliun),  143 
Mallrt,  Mr,  ll4-]Kirt  on  eartli- 

•UnkcH  l»y,  'J.'iU,  708 
Malm  rock,  «w»4 
Malta,  Mi'loi'(<ne  IhmIh  of,  (W4 
MaiMiiialia  (htivlny  toilSy  lut.), 

370 
>;«'()},nTip^>i<'ftl     n^Htric- 

tion  of  NixM'irs  of,  3{>r) 

foHwll  HiM'rloHof  nritniu 


ii)on<  mimrruuH  than  living, 
40'i 

of  TrinsHh-  iM»rio<l,  r>fW) 

(jf  Oolitic  pfriJKl,  000 

of  ('rctm'nouii   rot'IcH, 


Marine  IxsLs  abore  Areah  water 

onc'H,  007 
Marl,  1-23 

MarU,  in  clialk,  614 
PleiMtocene,  in  Wick- 
low  and  Wexfopo,  675 
Marlrttonti,  003,  566 
MarrtiiMthmnchii    {pouch 

gUUtI),  378 
MArKtipialia  (pfmched}t  377 
M.-irHUi»iocrInu8   (pur$e  i(/yX 
4H8 

rjclatus,  474 

MaTHiiiiitcK  {jniritf  /osnl),  631 

omatiH,  llj.'.,  016 

MArwr)od  HandMtOiic,  500,  510 
Maryborough,  EHki  r  near,  683 
MaiiUVlou  (teat  tooth)^  G63,  664, 
665 

fo<Kl  inside  ribs  of,6(>6 

angnfltidenn,  664,  665 

ArvemenHis,  670,  692 

gigant4>UH,  697 

I tapiroi<leM,  665 

I  MAjftrodonwiunui    (teat    tooth 


i\om\  030 

of  Koctmo  p<<rlo«l,  6.">5 

«»f    Moioceno    iwsrio*!, 


004 


of  Ploloccno  and  riei«- 
t(H'eno  pcritwlK.  092 

lH>nc.H  of,  in  caves  and 


low  U'vol  gravolH,  085 
ManinmlircnniH  crag,  072 
MAiiinialitM'ira  (littk  teiit  j)arf, 

lat.),547 
Mammoth,  IuhIcm  of,  OM 

"  found  in  Ireland,  0l>5 

Man  citntcmi>(trani>ouH    with 

many  extinct  animala,  OtK) 
*•  Man  of  war,"  Hoclion  at,  305 
MaiiiH  (  ),  005 

Man«>n  (soft  thing),  51»4 
Mantcll,     Dr.,    on    Wcaldcn 

ImhIm,  {^[^ 
MapM,  gj'ological  construction 

of,  i>S4.  711 
—  —  pr»H)f  of  denudation  in, 

Marlilc,  oraltwriMl  limojitonc, 

[M 
MarhlcHof  Indand,  143 
of  1  VnU'lIcuH,  of  the 

ngc  of  our  (Hialk,  710 
MhiitIIhh  Hhalc,  503 
Marcou,    M.    JuIoh,    on    the 

.hna.  WU 
c.»rrt»latlon  of  Oolitic 

and  .liirHMHic  scrh'S  by,  5iH) 
on  Oolitic  roekn  of  N. 

Ainciica,  M>*J 

on    NiHH'oniian  n>ck«, 

M.irk':inKlit,«  (ftcnrf  $tonr),  40 
Mai-KiiieU.,   (,»   nulr.  manjin. 
^  lat),  (J.VJ  "     * 

Marglnaifna     (litth    margin 
*<»«'.  lat.),  6i)»,  (157  I 


'      lizard),  378,  551 
MatoriaiH  aortod  hy  currents, 

180 
ManritiuH,  Dodo  of,  099 
Maury'j*  Physical  Geography 

of  the  sea.  98 
Maximum  density  of  water, 

387 
Maycnco  hasin,  beds  of,  602 
May  Hill  sandstone,  467,  468 
Mechanical  rocks,  51 
accom|iauiments       of 

trap  rocks,  80 

origin  of  cleavage,  270 


Mechanically   formed    rocks 

describe<l,  116 
Mei'.hocheiruB  (  ?  inccockeirus, 

length  of  hand),  595 

'-  Pcarcci,  578 

Medina  sandstone,  485 
Mediterranean  and  Ued  Sea, 

ditfonrnt  fauna  of,  392 

EiM'cne  beds  n>und,  052 

Mcilusa  (name  of  one  of  the 

("lorgonx),  489 
Medusldie  (nuilum  kinti),  383 
Meek,     Dr.,   on    Cretaceous 

rocks  of  N.  America,  624 
McgacCros  (big  horn)  Ilibcr- 

nicuft,  085,  {iS»,  GOli,  O'M 
Megnlania    (great    vramkrer) 

priscn,  098 
Megaliclithys  (bfgji^h),  537 
MepUodon  (great  tooth),  504, 

552,  501 

cucullntus,  501,  502 

tri<iuetcr,  552 

Moiralonyx  (grait  cJair),  097 
MegjVlops  (higface),  053 
MegAl«>saurus   (gnat  lizartl), 

878,  595,  598,  629,  ♦>32 

Bucklandi,  573,  liOl 

Megaplij^tuin  (great  plant),  535 
Megatherium  (hia  heaM),  007 
Mciocone,  meaning  of  term, 
803 


Meiooene  period,  <S58 

beojs    oa    C<mtbm 

093 
Xehunpiu  (blnetjhoi),  653 
XeUnia  (black  ahtll),  596,  i 

inqtiinata,  642 

tarritiMuma,  649 

Melanite  ^ack  Mtom),  41 
Malannptus  (meliutia-ktoUi 

harpa-fonnis,  &86 

aubfoslfdrmia,  616 

tricarinata,  605 

Melaphyn;  (r>lack  mijtvn\ : 
Melolontha  (gr.  name  for  t 

trKkchafery,  5yi5 
Menilite  (fntmAreRiMTmla 

near  Pari*),  32 
Mercury,  change  of  colour 

comiKmnds  <»f,  26 
Merian,  Profesdor,  of  Bad 

523 
on  upper  St.  Cassia 

beds,  552 
Meridian  lines  not  parallel  i 

each  other,  352 
Merlinus  (?  meriUa  is  a  vij 

inii,  latX  653 
Mcsostylus  (m  UUTU  tq^ike),  d 
Mesoty^te  (mkhUe  f'trm),  4& 
Mcsozoic  (middle  life)  epoei 

549 
Mcspflocrinns  (medlar  ZU| 

536 
Metal  or  shale,  122 
Metallic  ores  in  l>eds,  356 
Metals,  list  of,  is 

ores  of,  858 

Metamon>hic      (tran^ormei 

rucks,  54,  156,  165 

of  Alps,  170 

actions,  157 

Metamori>hism      (change    * 

form),  28 
Metamoqihosis  (od  of  ekan; 

in^ffona)  by  water  at  onl 

nary  tem}>CFatures,  162 

by  st<>am,  102 

by  dry  heat,  163 

round       inaAses       < 

granite,  319 
Metanrt<»s     (different    from 

hear),  0«W 
Met  optimum  (forehead  cut),  5* 
Meycn's    botinical     rq^oni 

3S5 
Meyeria  (after  Herr  Meyer 

031 

Vectensis,  609 

Mewps  Bay,  586 

Miaskitv    '(^m     Muuk     i 

Silicrui),  90 
Mica  (shining,    lat.),  40,  41 

40,47 

in  greenstone,  74 

frtHiueut  appearaui'O « »l 

in  metamorphic  nK'ks,  \*'A 

schist,  lt« 

and   gneisH    <i 

Ijcinster,  275 

of  County  Dublin 


301 
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Mfca  soliiHt  tdnkinf;tnto  ffrnn- 
itc  during  imiptioii,  318 

CretiK'uous,  710 

Mii^helinia  (after  if .  Michdin\ 

favosa,  flg.,  526 

Micraster  (inwUl  gtar\  631 

coranguinuiu,  fig.,  616 

Micrabacia  (lUU^  tabU),  631 

coninnla,  flg.,  612 

Mierochainia  (small  pig)^  654 

erinaccuH,  647 

Micn'idou  (jBtiuiU  tooth\  505, 

6:i2 
Microlcstes  (little  robherX  ^^ 

autiquus,  551 

Microscopical     structure   of 

crystals,  Mr.  Sorby  on,  94 
MicrosolGna  (liUk  pij)e),  594 
Middle  Oolites,  564,  576 

Eocenes,  643 

Midland   counties.    Carboni- 
ferous rocks  of,  518 
MiliSltL  (lUtlemilUt.  lat.),  382 
Millci)Ora(tAotuanapore,  lat), 

594 
Millericrlnos   (MUkr'B   lUy\ 

595 
Millstone  grit,  109,  519 
Mimosites  (mimosa  fcatil)^  653 
Mineralogy,  11 
Mineral,  definition  of,  12 

veins,  356 

Minerals,  formed  of  simple 

substances,  81 
primary     com- 

iwunds,  31 


secondary  com- 
}>ounds  or'salts,  82 

list  of  those  necessary 


to  be  known,  66 

intermediate  between 


others,  161 

in  veins,  358 

-form  the  food  of  plants, 


389 


Mines,  temperature  of  deep, 
224 

in  Cretaceous  rocks  in 

Greece,  710 

Minette,  90 

Mining,  art  of,  367 

trcnns,  exiilanation  of, 

370 

Mississippi    River,    detritus 
brought  down  by,  111 

Mitra  (a  mitre^  lat),  area  of, 
897,  619,  653,  663,  675 

scabra,  647 

Mixtures   of   substances    in 
n>ck«,  53 

Mode  of  occurrence  of  vol- 
canic rooks,  332 

of  deiH>8ition  of  min- 
erals, in  fossils,  361 

of  occurrence  of  fos- 


sil.^,  403 
M«>di<')la    (a    liUle    mcusiirc, 
lat.),  465 

bipartita,  575 

coiiuutu,  58{i 


ModlolA  glandiila,  664 

Macmlami,  ftg.,  508 

minima,  556 

pallida,  583 

scalprura,  567 

Modioloi>sis  (mudioia-looking), 

462,  465 

antiqua,  472 

complanata,  477 

expansa,  fig. ,  450 

Moel  Faen,  cleavi^  of,  267 
Trifaen,     Pleistocene 

shells  on,  673 
Moher,  clilfs  of,  Joints  seen 

at,  220 
Molasse,  662 
Molecular  changes  in  crystals 

of  gypsum,  148 
Mollusca  (9o/t  things,  lat), 

880 
species      of,      longer 

lived  tnan  those  of  Mamma- 
lia, 691 

retreated  S.  in  Pleis- 


tocene beds,  692 

classification  of,   cor- 


rected by  Professor  Greene, 

710 
Molluscoidea  (moUusco-fifcr), 

381 
Monev,  waste  of,  in  search  of 

coal,  still  going  on,  493 
Monkeys,    geographical    re- 
striction of,  896 

fossil,  656,  663,  697 

Monodonta    (tingle  toothed), 

595 
Monoecia  (having  one   dwel' 

ling),  881 
Monoliths     (single     stones), 

production  of,  210 
MonAtis  (singU  mr),  552 

dccussata,  556 

Monotremftta  (single  orificed), 

877 
Monsoons,  caused  by  irregu- 
lar distribution  of  land  and 

water,  389 
Mont  Dor,  trachytes  of,  61 
Montlivaltia  (from  M.  Mont- 

licalt)  trochoides,  569 
Montniartre,  gypsum  of,  148, 

214 
Moonstone,  44 
Moor  rock,  522 
Moore,    Mr.   C,  Microlestes 

tooth  found  by,  555 

on  RhK'tic  beds,  555 

Mopsa^a  (  1,653 

Morris's  catalogue  of  British 

fossils,  401 
Monte,  fossil,  663 
Mortieria  (after  Af.  Mortier), 

536 
Mosasaurus    (Afeuse    lisard), 

630 

gracilis,  618 

Hoffiiianni,  619 

M«»8(5lIo.  valley  of,  denuded 

by  suWrial  action,  299 
"MoUicrofCoal,"  IW 


Motive  power  of  water,  108 
"  Mould"  or  external  cast  of 

fossil,  375 
Moimt  Brandon,  rocks  of,  405 

Eagle,  495 

Gabriel,  glacial  groov- 

ings  on,  680 
Mountain   chains,    mode  of 

formation,  232 
denudation 


288 


of. 


351 


—  three  kinds  of,  350 

—  parallel  ranges  of, 

—  one  part  of,  not 
parallel  to  other,  352 

—  system  of,  table. 


854 
Moume   Mountains,  granite 

of,  85,  312 
more  modem  than 

that  of  Lcinster,  813 
Movements   of   disturbance, 

221 
Much  Wenlock,  468 
Mud  in  glacier  ice,  104 
flats,  channels  formed 

In,  105 

in  deeper  parts  of  Bri- 


tish seas,  118,  123 

Mulatto  stone,  Greensand  of 
Antrim.  622 

Mules  or  hybrids,  417 

Mull,   Island  of,  Meloceno? 
I>ed8  In,  658 

Multicrescis    (much   increas- 
ing, lat),  631 

Murchison,  8irR  I.,  classifi- 
cation of  igneous  rocks,  58 

and  Micol's  geological 

map  of  Europe,  143 

-on  foliation  in  north 


of  Scothuid,  277 

on  geology  of  Scotland, 

of8outh^ale8,441 


on  Bala  beds  of  Scot- 
land, 453 

on  Caradoc  sandstone. 


449 
495 


on  Lesmahogow  rocks. 


on  Caithness,  496 

on  Devonshire,  499 

on  Carboniferous  rocks 

near  Vichy,  531 

on  Permian  rocks,  541 

on  Aralo-Caspian  beds, 


671 


Murchisonia  (after  Sir  R.  J. 

Murchison),  462,465,552,561 

angulata,  470 

articulata,  477 

bllineata,  502 

Lloydii,  473 

sim])lex,  452 

Murex  (lat  namejor  the  shell), 

595 

asx>er,  fig.,  645 

Muriacite,  35 

Murray,  Mr.,  on  geolog)*  of 

Cauaila,  433 
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Murray  or  Moray  Firth,  Old 

RedHflmUtoiie  of,  496 
Mummgh  of  Wicklow,    for- 

matiou  of,  99 
Musw'ivite  (fn>in  AfM»coj*yX  44 
Muiu*h(!lknlk  (shfH  Ium),  549 

fosAils,  fif^ired,  .*>50 

MuBt>uin   (»f    IriHh   Industry, 

catalogue  of  roekd  in,  !i'M 
Cambrian     fossils 

in.  437 
Musk  Ox,  now  dyinj?  out,  699 
MuMociirimm (fruit  like  a  pla n- 

tniH),  535 
Mya  (a  muscle  or  wiu»5e0  Iftt'S 

672 

tmncata,  687 

Myacites  (mussel  fossil),  536, 

682 

cftlcciformis,  588 

decurtfita,  fig.,  574 

Fassaensis,  552 

niandibula,  608 

recurva,  577 

-  securiformis,  575 

Myalina  (small  mua$el  kind), 

509,  586,  547 
Mycetophyllia  (fungus  leaf), 

631 
Myc€tozoa  (fungu*  or  mucus 

animals),  382 
Myliobdtis  (millstone  rajifish), 

658 

Edwardsii,  647 

Mylne,  Mr.  R.  W. ,  geological 

map  of  T»ndon  by,  r»37 
Myl6don  (millstoM  tooth),  697 
Myoconcha  (mya  shell,   lat.), 

552,  559,  595 
Myophoria  (mussel-carrying), 

552,  559 

vulgaris,  fig.,  5'iO 

Myoxus  (a  dormouse),  654 
Myriacautbus  (myriad-sinne), 

595 
Myriai)^>da    (myriad  -  footed), 

379 
Hyri&TiitQfi (myriad-stone),  465 
Myriaphyllites   (myriml-lenf), 

635 
Myripristis  (myriad-saw),  653 
M>'tllu8  (lat.fora  mt/«tc/),  462, 

465,  509 

Cbemungensis,  472 

Lyellii,  605 


Naoelflue,  662 

Nagpoor,  ooaltiold  of,  538 

Naiadites  (naias  ftissil),  594 

Naisia  (  ),  653 

Names  denoting  varieties  of 
proportion  in  composition, 
15 

of  formations  not  de- 
scriptive, 204 

Namur,  ooalflcld  of,  581 

Nasmyth,  Mr.  J.,  on  Giant's 
Causeway,  659 

Nassa  (afUik  haikei,  lat.X  681 

■ reticosa,  flg.,  676 


Natlca  (a  litiU  huUwik),  487, 

663 

ambularmm,  flg.,  646 

clausa,  Q6& 

elegans,  flg.,  684 

elliptic*,  628 

Qaultina,  610 

Gentil,  613 

Greenlandica.  flg.,  681 

hcraiclausa,  flg.,  670 

Leibnltzia,  546 

parva,  477 

Nati<;ella  (dim.  ofwtHoa\  562, 

559 

costata,  652 

Native   Devil   of  Tasmania, 

697 


tiger  of  Tasmania,  W7 

Natrolite  (soda  aUme)^  48 
Naul,  County  Dublin,  strac- 

ture  of  rocks  at,  804 
Naumann     proposes     seven 

systems  of  ciystals,  S3 
Lehrbucn  der  gegnosie 

by,  69 

on  trap,  6© 

on  syenite,  88 

on  curite,  89 


Nautilidie  (family  ofnaiUilus), 

626 
Nautilus  (a  little  sailor,  lat), 

636,  027 

Baberi.  573 

biungulatns,  fig,,  528 

Bowerbankianus,  645 

carinatns,  529 

elegans,  617 

Freieslebeni,  545 

bexagonalis,  650 

hexagonus,  578 

birundo,  550 

impcrialis,  flg.,  641 

plicatus,  609 

sinuatus,  670 

* truneStus,  570 

ziezac,  665 

Neaera  (n  sea  nymph),  695,  631 
Nebulijj^ra  (cloudy  pore,  lat), 

461,  465,  469 

favul5sa,  445 

Negative    evidence,  imtrust- 

worthinesa  of,  416 
Nelson,  Capt  ,R.  E. ,  on  .£olian 

rocks,  154 
Nem acanthus  (thread  spine), 

601 

monilifer,  657 

Nematoidea  (thread-like),  880 
N<^matara  (thread  tail),  663 
Nemertitea  (nemcrtia  is  cer- 
tainty), 465 
Nemopt^ra  (  ),  596 

Neocoiaiaii  oeds,  622 
Nepheiine  (cloudy)  dolerite,  67 
Ncreites  (Nereus  was  a  sea 

god),  465 

canibrensis,  446 

Sedgwickii,  446 


Nerinsea  (a  daughter  of  Nere- 
us), 652,  559,  596,  632 
Goodhallii,  679 


Nerinsa  hieroglyphica,  679 

Voltzii,  fig.,  572 

Neritina  (gr.  name  for  a  shell), 

695 

Fittoni.  605 

Nerit5ma  (nerita  cut)  sinnosa, 

683 
Neritopsis  (nerikhlookingy, 
Nettlestone  grits,  644 
NeuroptSra    (nerve    trinoedX 

879 
NenroptSris  (n«me  fern),  585, 

647 

elegans,  549 

Rigantea,  525 

Huttoniana,  642 

Nentral  salt,  19 

Nevil,  Mr.  F.,  letter  ftom,  on 

discovery  of  mammoth  in 

Ireland.  605 
Newfoundland,  cleavage  in,. 

260 

coal-measures,  408 

Lingnla  flags  in,  467 

8t  John's,  sUte  of,  457 

Paradozides  in,  467 

vari^ated    slate    of. 


457 
457 


Belle   Isle  shale   of. 

Signal  Hill  sandstone 
of,  467 

Carboniferons  rocks  of, 

682 

New  Guinea,  rivers  of,  108 

New  Haven,  section  in  plas- 
tic clay,  638 

Newmine  rock,  sudden  thick- 
ening of,  188 

New  Red  marls  near  Belfast, 
661 

New  Red  sandstone  period, 
549 

near  Belfast,  661 

lie  and  position  of, 

557 

New  South  Wales,  Carboni- 
ferous rocks  of,  533 

New  Zealand,  chalcedony  de- 
posited near  springs  of,  134 

elevation  and  de- 
pression of,  280 

fossil  birds  in,  698 


Niagfira,  falls  of,  107 

groups  of  rocks,  485 

Nidulites  (little    nest  fosHL 

lat),  487 

favus,  452 

Nile,  delU  of,  112 

Nilsonia   (after  It.    Nilson), 

651 
Nipadites  (nijm  palm,  fossil), 

640,658 
Niso  (        T       ),  653 
Nodosaria(Amo^y  strings,  lat), 

694 
Nodular   concretionary  ash, 

81 
Nodules,  157 
Noeggerathia  (after  AT.  Nogge- 

nUA),  635 
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Nomenclatare  of  groups  of 
beds,  204 

of  formations,  427 

of  fomiatious,  a  pro- 
visional one,  429 
Norfolk  Island  parrot,  394 
Nonnandy,  Crag  in,  671 
North   America,     Prse-Cam- 
brian  rocks  of,  433 

Cambrian  rocks 


of,  438 


Lower 


rocks  of,  456 

Upi>er 


Silurian 
Silurian 
rocks 


rocks  of,  484 

Devonian 

of,  503 

Carboniferous 

rocks  of,  631 

-Oolitic  rocks  of,592 

Cretaceous  rocks 


of,  624 


652 


662 


Eocene  rocks  of, 
•Meioceiie  rocks  of. 

Pleistocene  rocks 

of,  689 
North  Downs,  chalk  of,  603 
chalk    of,    dips 

under  London,  635 
North  England  and   Wales, 

Carboniferous  rocks  of,  159 
Northern  drift,  672 
Northern  Europe,  drift  of,  688 
North  of  Ireland,  Pleistocene 

drift  of,  679 
Northumberland,    lead    got 

flpom  **  chimney  scrapings  " 

in,  362 
North  Wales,  cleavage  in,  267 
complex  structure 


of,  324 


■  Cambrian  rocks  of. 


434 

Cambro  -  SQurian 

rocks  of,  441 

Upper     Silurian 


rocks  of,  467 
Northwich,  salt  mines  of,  554 
Norwich  Crag,  672 
Nothet**8  (sluggard),  595 

destruotor,  588 

Notho(:(^ras  {bastard  horn),  487 
Notliosaurus  (bastard  lizard), 

549,  551,  560 
Nothosomus  (bastard   body), 

595 
Notid&nus  (back  prominent), 

631,  657 
NotopOcorystes  (back  looking 

likf  a  man  in  armour),  631 

Bechei,  611 

Stokesli,  611 

Nototherium  (mrUh  beast),  697 
Nottinglianishirc,  deep  shaft 

in,  521 
Nova   Scotia,  Carboniferous 

rocks  of,  531 
Nucleolites  (kemd  fossU,  Ut) 

Agassiui,  670 


Nucleolites  clunicolarii,  576 

orbicularis,  688 

scutatus,  680,  688 

sinuatus,  588 

Nucinella  (a  diminutive  little 

nut,  lat.),  653 
NuctUa(a  little  nut,  lat),  466, 
508 

Cobboldii,  672, 675 

oblonga,  687 

pectinate,  610 

Nudibranci&te  (naked  gilledj 

hit.),  381 
Nuggets  of  gold,  363 
Nummulites    (money  fossil), 

382,  653 
Isevigatus,  flg.,  646 


Objections  to  Mr.  Darwin's 

hypothesis  considered,  418 
Oblique  lamination,  189 

section  teble,  718 

Obf^lus  (a  Roman  coin,  lat.), 

457,  465,  490 

transversus,  490 

Obsidian  (properly  Opsideanf 

or  mirror  stone),  64 
Ocean,  depth  of,  223 
distribution  of  heat  in, 

386 
Oceanic   birds,  geographical 

limitetion  of,  396 
Octahedron  (eiifht  bases),  axes 

of,  22 
Oculina  (eye-like,  lat),  663 
Odontophdra    (teetM)earing), 

380 
OdontoptSris     (tooth    fern), 

535 
Odost5mia      (tooth^mauthed), 

653 
Og>'gia  (Oj^(/es,  ancient  King 

of  Thebes),  456,  460,  466 

Buchii,  flg..  447 

Selwynii,  447 

O'Kelly,  Mr.  J.,  on  Sleivna- 

muck  fault,  284 
boulder  measured  by, 

676 
on  granite  boulders, 

679 
Oldham     on     Indian     coal- 
fields. 533 
on     Irish    elks    and 

reindeer,  6y6 
Oldhamia  (after  Professor  Old- 
ham), 437,  468 

antiqua,  flg. ,  487 

radiata,  flg.,  437 

Old  Leighlin,  section  at,  201 
Old  Red  sandstone,  492 
of  Ireland,  lateral 

change  in,  204 

unconformable  on 


Cambro-Silurian  rocks,  295 

formed    out     of 

granite,  297 

thinning  out  of, 

298 

fluently    over- 


1 


lapped  by  Carboniferoiis 
limestone,  800 
Old  Red  sandstone  and  Lower 
Limestone  shale  only  occur 
in  centre  of  Coimty  Dublin, 
303 

fossil  fish,  467 
signifies  a  period 
of  time,  428 
of  S.  W.  of  Ire- 
land, resemblance  to  Cam- 
brian rocks,  439 
Olenus  (name  for  a  son  of 
Vuloan),  460,  465 

aiatus,  444 

micrOrus,  fig.,  444 

Oligochifcte  i^itUe  haired),  379 
Oligoclase  (little  cleaving),  44 
Oliva  (an  oliM,  lat),  619,  663, 
663 

Branderi,  fig.,  646 

Olivine  (olivt-coUmred,  latX  36 
Omphyma  (      Y       ).  461,  466 

turbinatum,  flg. ,  473 

Onchus  (a  tumouri  488,  640 

Hurohisonii,  480.  481 

Oncocfiras  (tumour-hom),  460, 

465 
Oneida  conglomerate,  486 
OnondAga  group,  485 

limestone,  603 

Onyx  (the  naU),  32 
Oolite  (roe  stone),  142 
Oolitic  series  overlaps  in,  300 

J>eriod,  662 
Ossils,    characteristic 

of  two  or  three  groups,  688 

manuualia,  600 

Opal  (Ut.).  82 
Opaline  allophane,  89 
Open  or  close  Joints,  210 
Assures     formed     by 

faulte,  248 
Operculate  (vnih  a  lid,  lat), 

380 
Opcrcolina  (lid-like,  hit),  663 

complanato.  668 

Ophidia  (serpent  kind),  378 
Oi>hilete  (        ?       ),  462, 466 

compacta,  446 

Ophioderma    (serpent    skin) 

Egertoni,  566 
Ophiomorpha(serpent-/>rmed), 

378 
Ophiopsis    (serpen/  -  looking), 

695 

breviceps,  687 

Oi>hiQra  (serpent  tail),  669 

pnsca,  650 

scutellata,  560 

Wetherellii,  flg..  640 

OphiOridCa  (serpent-tail  kind), 

380 
Opis  (one  of  Diana's  nymphs), 

552,  669,  632 
Oplothcrium        (?  Hoplothe- 

rium,  armed  bmst),  654 
Oracanthus  (hUl  spine  f),  687 
Orbictila  (littU  orh,  Ut),  S81, 

449,  467,  466 
Orbicular  diorite,  76 
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calliKmiunia,  4^3 
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flAlK'HuIum,  0;^:.,  4oO 
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-  lata,  4<'.y 

-  luiinU.  fi^-,  478 

-  Michefini,  .MM 
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—  virpitA,  4/12 


OrtlilHlna,  4rt2,  405,  547 
Orthite  (*/mj(/A/  tttme),  40 
OT\\uH'i-TVM     (gtnihjht    hitrh)^ 
4rK>,  4<J2,  4»J.'*,  552,  501,  027 

aniiiilntuin,  fig.,  474 

AvKllnil,  440 

Bamirnlil,  470 

bulljituni,  fig.,  479 

OfHii^rl,  llg.,  528 

gracllr,  .'>02 

Marlarcni,  474 

■ •  Hculnn',  514 

Ht4!iiihftn«Tl,  614,  620 

vogtiiiH,  440 


— vnitrii'imuin,  474 

Orthof.craililii'  cxtiuction  of, 

640 
OrtiMMlIlM  {ttraigkt  cUavino), 
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Ot*^'Kiiis  ('•'■'w  *vi<>X  4:«5 
«>ctri.y-la  f  ^JU;:^.f»,  S7s» 
<>*tTjfca  (a*  iy<<T,  lat-X  -■^'i, 
5oVi» 

afuir.JTiata,  670 

Babl^Tca,  <i64 

dvltoidta,  ftc,  6&1 

rlKiirta,  *'«SS 

eilfilia,  toT 

exi^nja,  6S3 

flabelhlla,  fig.,  «5 

fh.inv,  617 

grvgaria,  579 

liasRlca,  650 

3larhbil,  fl?.,  609 

plactiDiiW**,  660 

itrin^^l*.  009 

Schublrri,  650 

6«ilitariR,  6^9 

iui<l<>)a,  677 

Vewi'-ularis,  617 

Mrltti,  «v:4 

Ostrich,  g»r<^»grai»hical  limita- 
tion ot  diff<rrent  »iK,vii'd  of. 


S'M 


ff*»il,  003 


Ot^>lu.s  (cnrfU<nih\  631 

aiipen<li('ulutiii(,  031 

olili'luuB,  fig.,  041 

Ot^'I»t^ri«(<iir/<rH),  635,570, 


04  KJ 


obtaM,  fig.,  600 


Oiitcnipof  1M-.1H,  233 
is  proof  of  denuda- 
tion, 2«3 
Outlier,  proof  of  denudation, 

2.s:j 
Outlying  bahin,  2S6 
Overlap  de8(>ril>ed,  299 

instances  of,  300 

OvIImm    (ghetji  ux)  luaxiuins, 

('94 
(mia  (n  VttUe  efrg,  lat).  053 
Owen,  Mr.  Dale,  on  country 
weiit  of  Lake  Michigan,  450 

Pn)f.,  iiresidential  ad- 

dnais,  8116 

on  Stereogn&thus 


ooliticuH,  415 
on 


6U8 


Dcinosauria, 


on  reptiles  of  Up- 
per GreenBand,  013 

on  Kocene  mam- 


nuilK,  050 


inalH,  005 
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CnrvB.  Vn4 ,  r*ii  Firiome 

P^rifPtcvcc-  mammals,  i 

Pala.-««Uik^ 

Oxford  claj.  .V3,  676 
Utnigu      tqa 

Inta  <if.  6t»l 
OxfonI  DolitM.  6«4.  5T< 
OxJdeHy  V^lics  so  tcrawd, 
OxTgea   {acid-jmMimeimcL 

19,29 
OxTjpiithxu  (ikarj  jTr),  6 
OxyrLIxia  (fJurr;-  fivi.  fSAl 

xipb>'«]>>n,  <€4 

Oyrtcr    lirdsi  bctv-MQ    b 

and    ash<^    in   PlrL-rt^v 

deiiosits  of  Sicily,  €w 


PAcmc  OcEAX,  depositi 

bed  of,  V^ 
Pachycephdlus    (thick  hei 

663 
Facbyconnns    (tkidc   fnii 

6«5 
Pacbydr.raiu  (fAidt  JU-mwX 
FStebygyim  (aid:  n««X  I 

est 

PtehTinya  (thick  mpa\  631 
FachyDulopha8(fAici-   ? 

064 
Pachn'teris  (rtfct  /mil : 

6m 
PaehyrhL&Mca     (thicJ:    / 

r«rfAX  »Vil 
Pachynema  (fAiVL-    jtwj'j^i 

51*5 

grande.  672 

Page,  Mr.,   A<]vanc^   T< 

ln^k  of,  120 
Pagflms  (a  cm\  }aX.\  SW 
PaliKistcr  (old  ttar)^  403, 4 

400 

asperTima<9,  450 

obtusus,  460 

ooninella,  470 

Ruthveui,  478 

Palitchinua  (old  icM  inusX  i 

640,  488 

sphaTicnH,  flg. ,  52S 

Palii^ochorda    (ancitrnt   or/i 

4tV| 

niAJor  and  minor,  4 

Paheooi^ma  (old  hftui  0/  Ac 

gr.  and  hit.),  488,  69i5 

Cfihini.  478 

Pal.Tt><'ychi«  (old  cirxJeX  48 
PaltHxlW-UH  (nld  dift\  4S8 
Paltf^miiicuB  (old  imin'^\ 

for  a  teafi*h\  637,  647 

couiptUB,  fig.,  643 

cat^jpM'rn*,  546 

elcgauK,  642 

glaph.trus,  648 

Palieontoltigy  (texence  of  < 

cUnt  heingg),  0,  9,  373 
hiws   and  guncralL 

lions  of.  400 
Palifonvctis  (w/tl     f    ),  664 
Pala/>phi8  (old  SHrtkf\  fVi3 
toliapicus,  042 
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Palseopliis  Typliajus,  047 
Palwopyge     (anekiU     rumjt) 

Raiiisuyai,  480 
PaliKomia  (oW  bird)   CUftu, 

006 
Paltfx)sanras  (ancknt  lisanl)^ 

547,660 
Pal«otheriam  (old  heast\  654, 

655,656 

crasBum,  650 

magnum,  650 

PaUeozamia  (oUl  zamia),  576, 

594 

Bechei,  565 

Palicozoic,     Mosozoic,     and 

Kaiuozoic,  tcnus  explained, 

430 

epoch,  489 

Palagonito  (from  Pcdagonixi, 

SicUyX  42 
Palap^ryx  (old  wingless  bird), 

698 
Palasterlna  (old  Oar  like),  438 
Paleryx  (old  snake),  653 
Palinunis    (name  of  Bneeu's 

steersman),  681 
Pallas  Hill,  County  Limerick, 

alternation  of  trap  and  car- 

bonlferouH  limestone  at,  324 
PalmaciteH  (palm,  lat),  535 

Palmipedes  O'^^'HM'^^  ^^X 
377 

Paloplotherium     (oM  armed 
beast),  properly  palhoplo- 
thoriuiu,  654,  665 

anneotens,  647 

Paludlna  (a  pond  shell,  latA 
596 

carinifera,  886 

fluviorum,  fig.,  606 

orbicularis,  fig.,  6i9 

SuBsexiensis,  605 

Pandora  (Grecian  name),  636 

Panna  sandstone,  593 

PanopsBa  (a  water  nifmph,  663 

NorvegicA,  687 

Paracyatlius  (side  by  side  cup), 
653 

caryophyllus,  flg. ,  640 

Paradoxides       (paradoxical), 
455,  458 

Bennettii,  467 

Forchammeri,  444 

Harlani,  467 

Paragen^sls  (side  by  side  pro- 
duction), 28 

of  minerals,  61 

Parallel  lines  on  curved  sur- 
face, 352 

Parallelism      of     monntain 
ranges,  351 

Paramorj)hism   (side   by  side 
form),  28 

Paramoudra  (name  given  in 
joke  try  a  (piarryman),  630 

Parasmilia  (side  by  side  knifi), 
631 

Parastnea  (side  by  side  star) 
striata,  612 

Paris,  contemporaneous  ero- 
sion near,  193 


Paris  basin,  634 
Purisieu  etu^fi,  652 
Parka,  483 

decipiens,  480 

Parma,  671 

Parry,  Sir  K,  arctic  fossils 

brought  by,  420 
Parsoustowu,   drift  mounds 

near,  683 
Passage  of  metamorphic  into 

igneous  rocks,  171 
Pass^res  (sparrows,  latX 
Patella  {Httle  dish),  462,  465, 

636,  619 

latissima,  flg.,  582 

nmcronata,  528 

rugSsa,  673 

vulgfita,  688 

Pavonaria     (peacock-like, 

lat.), 
Pea  grit,  142,  668 
Peace,   Mr.,   of  Wigan,   on 

"faceof  coal,"  213 
Peach,  371 
Peak  of  Teneriflb,  335 

violet  of,  891 


Pcan  de  St.  Ollles,  on  iron, 

27 
Pearl  spar,  34 

stone,  62 

Pebbles     of    Carboniferous 

limtistone  in  tlie  Limerick 

ashes,  82 

of  scorite  in  paheozoic 


ashes,  83 

beach  in  front  of  shore 


of  Wicklow,  99 

beaches,  99 

beds,  645 

in  Ctialk,  614 


Pocciries,  697 
PecopW^ris  (comb  fern),  639, 
676,  593,  600 

australis,  534 


Pecten  (a  cwnb),  663 

annuliltus,  688 

arcuatus,  689 

Beaveri,  617 

Brudigalensis,  664 

dcmissus,  688 

dentatus,  570 

discites,  650 

flbrosus,  675 

Geranlil,  669 

islandicus,  flg.,  687 

he\igfttus,  550 

laineUusus,  flg.,  584 

Magcllauicus,  664 

nitldus,  flg.,  616 

plebeius,  669 

quadricost&tus,  619 

quinquecostatus,  619 

vauans,  576 

Vfuoniensis,  663,  656 

vimineus,  679 

Pectinibranchiata  (combgilled 

lat.),  380 
Pectuncftlus  (a  little  pecUn, 

hit.).  663 

8ubl«?vl»,  613 

variabilis,  609 


Pedicelllna    (foot  cell 

lat),  381 
Pedina  (a  low  or  Mat  t 
Podlpes  (foi}t-/bot,  lat  k 
Pegmatite  (coagulated), 
Peldon,  120 
Polorosaurus  (monster  li 

631 
Peltara(toti  like  apeUa.o 

moon-shaped  bwckler), 
Pemphix  (a    blister)  S 

551 
Pennine    chain,    Garb 

runs  rocks  of,  519 
Pennsylvania,  Carboni! 

roclu)  of,  632 
Penrhyn  and  Llanberis 

quarries,  486 
Pentaccenia (five  catnia) 
Pentacrinus  (live  star),  t 

Fittoni,  611 

sub-basaltiformii 

640 
Pentam6rus  (Jive  parts) 

464,  467,  487,  604,  540 

limestone,  484 

galeatus,  472 

globcwus,  469 

Knightli,  flg.,  471 

lens,  flg.,  470 

oblongus,  flg.,  47 

undatus,  469 

PentelIcus,Meiocene  dc] 

at,  M6 

marble  of,  710 

Pentlaud  Hills,  Upper 

riau  of,  482 
Peutremites   (properly 

trhemites)  (Jive  shove 

sU),  380,  536 

Derbiensis,  fig., 


630 
Pei>erino,  68 
Percentage  of  existing 

cies,  633 

in  the  three  Cragi 

Percy,    Dr.,   on   Greta 

coal  of  N.  America,  6! 
on  occurrence  of 


364 

Pericline  (inclined  about 
Periechocrinus      (conta 

lily),  488 

monilifcr,  476 

moniliCormis,  flg. 

Periods  of  time  known 

order  of  beds,  423 

arrangement  of,  i 

PericVlus  {about  tooth),  6J 
PerischV^domus      (enclo 

himse\  636 
Perissodactyla(od(i  nwn 

toes),  377 
Perm,  kingdom  of,  541 
Permian  period,  541 
imperfect  n 

of,  548 
Pcnia  (a  gammon  of  h 

Mulleti,  603 
Perrey,  M.,  on  earthqu 

70H 
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PetaUuris  (»iui  axif X  &W 
PeUlMos  (Irnd  tootk\  537 

Hastingsici,  fig.,  539 

Petnia  (rocky),  461.  465 

bbu.  452,  4«9,  473 

elongaU,  469 

plearindialis,  507 

subdupIicaU,  452 

PetricAla  (rod:  dtreiler,  UtX 

«S1 
PetTifkction,  374 
»  pseadoxnorphic  ac- 
tion, 159 
Petrified  cork,  3S 
Petrology  (rock  lon)y  8, 177 
Petrophuoidea     (jpetropkila- 

like)y  653 
PetiY>sUex  (rorkjiint,  latX  <» 
Petworth  m&rble,  604 
Peace  (jniw),  5S4 
PhaoMiu  (Uns  tootk%  651 
Pliacops  (Itn*  ryeX  463,  465, 

490,  50i3,  504 

apicQlitos,  flg.,  451 

caudataa,  flg. ,  474, 475, 

480 

DowningiK,  480 

laciniatuB,  501 

Utifh>nft,  503 

longicauditos,  480 

subiifTis,  471 

PhaUcrufl  (baid\  653 
Ph«nerogamu(a|>parei»t  ffene- 

ratktny,  883 
Phanen^pleuroa       (appannt 

rib),  497 
Phanerotinns    (in    an   open 

wuinnrr),  536 
Pharyngobranchii  (throat-i;iH- 

erf).  S78 
Pha>    -larcUM   (ponch    brarX 

0.97 
Ph&soolotherium  (pouch  br<utX 

595 

Bucklandi,  573 

Phasg&nus  (d  striyrd)^  653 
Phasianella   {lUtU    pkeiuant) 

striata,  679 
Phillips,  Profe-ssor,  geology  of 

Yorkshire,  seotiou  fh>ra  his, 

198 
paper  on  Oolites    by, 

203 


report  on  cleavage  by, 

on  faults  near  Malvern 
Hills,  262 
on  clea\'age,  267 

on     contemporaneous 


213 


trap  of  N.  of  England,  524 
on    disappearance   of 


Inferior  Oolite,  569 

on    Yorkshire   oolite, 

575 

grouping  of  CretaceouB 

rocks  by,  602 

on       PTfle-Cretaceoua 


erosion,  620 

on  bouldeiv,  673 


PhillipsuinBa  (PkUHp^  $tarX 
586 


FbilliMU  (altar  Pn^.  FW- 

lipt\  536 
pa8taloM,509;flg.,588, 

530 
Phlebopt£ris  (vt^nfem),  676, 

594 
Fholaa  (a  borrrX  ^^ 

ciispatiLB,  687 

Pholadomya  (a  boring  wyaX 

567,595 

acuticosta,  673 

decossfita,  617 

deltoidea,  675 

equalis,  579 

fldicula.  flg.,  569 

lirata,  flg.,  574 

maigaritacea,  641 

ovaUs,  589 

PhonOllte    (founding  -  stone), 

63 
Phonu  (a  carrier),  631 

canalicnlatiis,  617 

Pbragmoc^ras  (partition 

horn),  487 

ventriootnun,  fig.,  478 


Phylloccenia     (leaf    ecenia), 

631 
Pbyllddns  (U(^/tcoth),  653 
PhyUothSca  qeaf  sheath),  533 

australis,  534 

Physa  (a    bubble)  Biistowii, 

586 
Pbysdnteias  (MZotcs  vind  f), 

537 
Physophorlde    (JbHaddtrAiear' 

ing),  382 
Phytogyra  (bud  round),  594 
Picte  (pitch  tru,  latX  635 
Picr^sinine  (bitter  smell),  36 
Pictet,  M.,  on  Paleontology, 

373 
Pigeons,  varieties  of,  418 
PilciSlas  (a  little  cap,   latX 

595 
Pindy,  123 
Pinite  (fh>m  Pini,  a  miru  in 

Saxony),  42 
Pinites,  535 
Pinna  (a  feather  or  wing,  lat) 

gnmulata,  581 

lanceolata,  588 

mitis,  588 

Pinnularia  (litUe  wing  like), 

535 
Piusil,  123 
Pipe  clay,  122 
Pipe  veinK,  857 
Pisces  (fish,  lat.X  878 
Pifl^dus  (itea  tooth),  653 
Pisolite  (jtca  stonei  142 
Pisolitic  chalk,  602,  618 
Pistacite  (fh)m  pittachio  green 

coltmr),  41 
Pistosaurus  (/r«4»<u?ortAy  mm- 

rian),  560 
Pitch  (mining  term),  371 
Pitchstone,  78 
Pit  eye  (mining  term),  371 
Pit  or  ordinary  coal,  151 
Pits  Head,  felatone  of,  72 
Pitns,  535 


Flan  and  Metton  of  indiMd 

beds  fknlted,  349 
Planer  kalk,  63S 
Planes  of  stratiflcatioB,  ITS 
Flanorbia  (JIat  orb,  ULJ,  ttS 

discns,  649 

euompbalas,  647 

Plants  are  primary  food  of 

animals,  390 

chiefly  terrestrial,  4M 

fonneriy  in  areUe  re- 


gions, 421 
in  arctic   regions  re- 
quire light  as  well  as  heat. 


421 


497 


in  Llandeilo  flags,  445 
of  Llandeilo  fli^  46tf 
of  Old  Red  sandjtone, 


adapted  for  preserra- 

tion  in  water,  535 
PlanuiaU  (lying  jUxi,  latk  «2S 
Planullna  (a  liMe  plain,  fatX 

630 
Plastic  clay,  636.  637 
Plateaux  of  basalt,  330 
Plat^mys  (broad  rmy^X  ^^ 
Plate  or  shale,  122 
Platycanthus  (JIat  spinte),  5S7 
Platycrinus  (brtxtd  lUy),  488, 

509 
laevis,    flg.,  528,   530, 

536 
Platygnathus  ftfroadjau;),  497 
Platylsemus  (flat  throat),  653 
Platypodia  (flat  foot),  631 
Platj^us  Cbroad/ooi),  396 
Platyrhini  (broad  nostriU),  376 
Platyschisma  (broad  fltture), 

487,  536 

helicites,  480 

Platysomus  (broad  body),  537, 

547. 

macrurus,  542 

striatus,  flg. ,  543 

PlatystOma  (flat  mouth),  552, 

559 
PleftnWus  (tpur  tooaX  481, 

488 

mirabilis,  480 

pnstulifenis,  4<J0 

Plectroli^pis  (ypur  scxUe),  537 
Pleioccne  period,  C67 
and  Pleistocene    life, 

091 


fauna,       perhaps 

partly  coutein^toraneooa  in 
diflierent  pronnces,  693 
Pleistocene,  meaning  of,  638 

period,  672 

Plerastrsea  (perfect  star),  59* 
Plesiosaurus  (near  to  a  lizard), 
878,  695,  690,  613,  632 

affinis,  582 

Bemardi,  618 

dolichodeinia,  568 

Plethftdua  (crowi  tonth),  631 
Pleurac-anthuH  (rib  spine),  5.37 
Pleurocoeuia  (rib  nania),  51M, 

632 
Pleurocdra  (rib  lioll  f),  631 
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Pleurocystites    (rib    bladdtr 

fossU),  488 

Rugeri,  470 

PleurcKlictyTira  (rib  net)  pro- 

blenmticum,  501,  502,  504 
Pleurophfllw  (ri6  Kitte*),  595 
Pleur«i)h6rus     (rib-carrier), 

536,  652,  561 

eostatus,  llg. ,  544 

Pleurorliyncbus    (side   beak), 

Phillips's  name  for  Cono- 

eardium,  466 
Pleurofitemou  (rib  chest),  595 

ovatuin,  flg. ,  587 

Pleurotdma  (side  cut),  653 

colon,  ttg.j  646 

Pleurotoniaria  (jriJc  cut  like), 

462,  405.  (VS2 

Anglica,  flg.,  567 

antrina,  545 

aspera,  flg. ,  501 

carinatpa,  528 

elongata,  570 

tlasicarina,  470 

giganWa,  60S 

granuluta,  588 

omata,  fig.,  569 

pallium,  670 

perHpectlva,  617 

reticulata,  flg.,  582 

nigata,  583 

und&ta,  477 

Plicataia    (a    liUU   fold    or 

vnrinkle,  lat.),  562,  569 

inflata,  617 

pectinoides,  flg.,  610 


PolymoTphlna    (many    form 

kind)  communis,  669 
Polymorphina  liassica,  565 
Pol3rpodite8  (many  foot  fossil), 

594 
PolypOra  (many  pore),   437, 

540 
Polyporltes  (many  pore  fossil), 

535 
Polypotbecia    (many    footed 

8hw4h),  630 
Polyptychddon  (many  wrinkle 

tooth),  613 

liiterruptnB,  618 

Polyrhizodus     (many    fang 


PlioldimuM  (^nearer  ridge),  654 

vulpiccps,  642 

Pliopithecos  (nearer  ape),  664 
Pliosaunis     (nearer    lizard), 

582,  696,  599 
Ploeoscyphia    (chaplct   cuj^), 

630 
Plumaster  (feather  star,  lat.), 

696 
Plutonic  rocks,  68 
Plymouth  group,  500 
Plynlymiaon  rocks,  452 
Poacit<;s    (grass  foasil),  636, 

693 
Podocarya  (foot  walnut),  b\H 
PodocephiluR  (heo'l  font),  l'»63 
Podophthalmia     (ftot-eyed), 

879 
Pocciloilus    (various     tooth), 

630,  637 

transversus,  flg.,  529 

Poeuilopleuron  (various  rib), 

631 
Polliclpcs  (thumb  foot,  lat), 

595 

c<mcinnua,  578 

Polychajta  {many  haired),  379 
Polycuilia  (liiany  hollows),  647 

profuu«la,  543 

Polycypluis    (vuiny    curved), 

696 
Polynierit!  (many  j>arts)  iso- 
morphism, 25 


?        ),  594 
(many      hole 


tooth),  537 

Polystichites  ( 

Polj-tremdcis 
jtoint),  631 

Polyzoa  (many  animals),  381 

Pomeroy,  rocks  of,  455 

Pdmogn&thus  (lid  or  opercu- 
lum jaw),  631 

Pomophractus  (operculum  de- 
fended), 653 

Pompeii  covered  by  ash,  68 

Pondicherry,    Cretaceous 
rocks  of,  624 

Porambonites   (callous    swel- 
ling), 487 

Porcelain  spar,  45 

Porcellia  (litUe  pig),  552,  561 

Puzio,  529 

Pontes,  enormous  masses  of, 
in  coml  reefs,  132 

Porphyritic  granite,  85 

^conglomerate  in  Cre- 

ta(':e(>u8  rocks,  624 

Porphyry,  69 

Porran,  or  pollan,  in  Lough 
Ne^gh,  398 

Porrentruy,  gioupe  de,  590 

Portjige  group,  502 

Portland  stone,  142,  663 

Oolites,  664,  581,  583 

foreign  equivalents  of, 


691 


Portlock,  G6ueral,on  Canibro- 
Silurian  rocks  of  N.  of  Ire- 
land, 465 

on  Londonderry,  555 

Portraiuc  coast,  made  of 
I^)wer  or  Cambro-Hilurian 
rocks.  301 

Bala  beds  of,  454 

section  at,  306 


Poteriocdras  «ppruxiiu«tain, 

450 

ftisifonne,  529 

Poteriociinas  (cup  lily),  509, 

540 

granulosus,  630 

Practical  importance  at  on- 

conformabillty,  299 
importance  of  fossils, 

422 
Proe-cambrian  i>eriods,  432 
Prase  (a  leek),  32 
Precipices  and  (masses  always 

the  result  of  erosion,  101 
Prejudice  against  action   of 

heat  considered,  16.'{ 
Prehnite  (after  Col.  Prehn), 

41 
Pressure,  metamorphosis  by, 

157 
Prestwich,    Mr.,   correlation 

of  Eocene  tertiaries,  183, 

661 
thickness  of  lower  Eo- 
cenes from,  636 

on  Bagshot  series,  643 

on  drift  near  Hull,  686 

on  flint  implements  In 


PoHld6nomya  (Xeptuiie's  mus- 
sel), 601 

Bechi'ri,  514,  528 

membranauea,  514 

Post  on  sandstone,  120 

ami  stall  work,  367 

Potamldes  (river-kind)  con- 

cavus,  647 
Potamomya  (river  ifyti),  595 

gregaria,  646 

Potatoc  stones,  62 
Poteriocgras  (g(Met  horn),  462, 
466,  536 


drift,  700 

Prian  (mining  term),  371 

Primal  slate,  466 

Primaiy  compounds,  14 

limestone,  166 

or  palseozoic    epoch, 

432 

Primates  (first  class,  lat),  876 

Primeval  granite  not  exis- 
tant,  308 

Primitive  limestone,  166 

rocks,  note,  431 

Primordial  fauna  of  M.  Bar- 
rande,  456,  456 

PrionOlfipis  (saw  scale),  631 

Prismatic  jomts,  213 

Pri.stacanUius  (saw  spine), 
696 

Pristis  (a  naw),  663 

Proboscidfta  (having  a  pro- 
boscis, lat),  377,  664 

Proboselna  (proboscis  -  like), 
631 

Produ(tta  (dra  wn  out,  lat ,  pro- 
duced shell),  381,  603,  636, 
647 

acnicata,  527 

horrlda,  flg. ,  644 

nifriita,  634 

sc^ibricQla,  508 

semireticulata,  fig., 526 

Prot^tus  (*cn<  before),  488,  503, 
604 

hitifrons,  475,  480 

Propala*otherium  (in  plact  of 
paltrotkerium),  654 

Pmsimii  (protruding  a;»e.';, 
376 

ProUster,  463,  466,  490 

Mlltoni,  flg..  479 

Sodgwiukii,  482 


8««  note,  p.  788. 
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I*rut?inys  (firstemys)  8cmita» 

(509 
Pn>t4'»KliM'  (  first  firrmfil),  89 
Pn)toi»t^!ris  (firntffrn^  535 
Protomis  (fnrmer  Innl),  653 
ProtosCris  (first  aerU)^  594 
Protovirgularia  (proto,  firttt 

KT.  ;    virgula,  a  little  rod, 

lat.)>  4($5 
Protozoa  (prinuiry  anivmls)^ 

882 
Provinces  of  marine  life,  392 
"Province,"  "station,"  and 

"  time,"  cause  difference  of 

fo»sila  in  different  places, 

407 
Prunocystltes  (plum  bladder 

fossU),  488 
Psali(MlUH  (scissor  toothX  653 
PsannnMus  (sand  tooth),  fig. , 

629,  537 

porosus,  530 

PsamnioBteiiA  (saml  hone)^  537 
PBeudocriiiitea    (fiiUe    lily), 

488 
qnadrifaaciafcus,     flg., 

474 
Paeudo-crystalline  sandst4)ne, 

118 
Pseudodiadema    (false    ditir 

dem),  595 

itentagonnm,  573 

Pseuiloliva,  (false  olira),  653 
Pseudomorphism  (false  furm), 

28 
Pseudomori>li8,  formation  of, 

159 
Pteraspis  (wing  buekUr),  488 

Banksii,  480,  481 

truncatus,  480 

Pterichthys  (wing  fish),  496 

latus,  497 

Pterinn'A  (a  little  wing)  465, 

472,  477,  490,  540 

retroflexa,  fig,,  478 

sublievis,  469 

Pterocdras  (wing  horn)  595 

Fittoni,  608 

Pterodacytylia,  598 
Pterodactylus  (vnng  finger  or 

toe),  378,  595,  613,  630, 632 

CliftU,  606 

Cuvieri,  618 

macrfinyx,  668 

Pt<!r/)dus  (wiiig  tooth),  637 
Ptero|>cma  (vring  perna)  cos- 

tattUa,  572 
Pterophyllom  (wing  leaf  ),559, 

676,  694 

comptnm,  fig.,  672 

Jaegeri,  551 

PteropMa  (wing-footed),  380 
Pterosaurian  (unng  lu:ard),S7S 
Pterotiifica  (wing  sheath),  462, 

465,  490 
Pterygotus  (winged),  483,  488, 

496 

acmninStus,  480 
AngllcuB,  480 


Pteryj^r.lu-s  gigas,  480 

ludeuitis,  480 

pn>1>lemati('U8,  480 

Ptilodyctia  (feather  net),  461, 
405,  490 

atruta,  449 

sculi»ellam,  472 

Pty  eliacanthus(irr<iiJU0  <i>iii«X 
540 

Ptycliocephilaji         (wrinkle 

hewl),  653 
Ptychoceraa  (fold  horn),  628, 

PtychMus  (irHnkU  tooth),  631 

decurreus,  618 

Ptycholf'pls   (wrinkU    toale), 

595 
Ptycliophyllum  (j)laU  leaf), 

487 
Ptylopora,  640 
Pudding  stone,  116,  639 
"  Puffing lioles,"  formation  of, 

220 
Pulcbelli  (liUle  beautits,  lat), 

628 
Pulmonata  (having  lung8),379, 

380 
Pulver  Maar,  crater  of,  347 
Pumice,  64 
Pui>a  (a  doll  or  pitppct,  lat), 

536,  e53 

in  c^al-measnres,  532 

Purheck,  island  of,  beds,  563, 

58o 
Wealden  bed  In, 

603 
Puri>flra   (purple   shell,   lat) 

lapillus,  6SS 

tettragonia,  fig.,  670 

Puri)urina  (p^rpura4ike,  lat), 

595 

modulata,  588 

Puri>urioidea  Morrissii,   flg., 

572 
PustulopSra,  632 
Pycn6du8  (thickly  toothed),  595 

Mantelii,  605 

Pyenogonida  (thickly  angled), 

379 
Pygaster  (rump  star),  595,632 

somisulcatus,  588 

P>'gopt6rua  (rump  fin),  637, 

547 

mandibulilris,  642 

PygOrus  (rump  tail),  632 

pentagonals,  588 

Pyramidella  (a  little  jryramid, 

lat),  macrocbeileus  of  Bala 

beds  is  like  a,  462,  653 
Pyigia  (a  turret),  536 
Pyrina  (pear-like,  lat).  631 
PyTit4)mema(/r«r  thread),  465 
^rroclastic  (broken  from  fire) 

materials,  68 
Pyroxene  (fire  giiest),  37 
Pyraia(a  little  pear,  lat),  631, 

663 
PyruUna  (little  pear   kind), 

630 


QUADEKSAKIMTEIK,  CSS 

Quadrangular  joiiita,  :30T 
Quatiudverna]  (rrrrywoy  tunf 

ing)  dip,  242 
Quanying,  art  of,  218 
Quartz  (OermanX  dewriptiaB 

of,  31 

in  trachyte,  09 

fused  by . 


lens,  93 

deposited  framvaicr. 


134 


Ttwk  or  quart zite,  165 
Qnartziferous  jwrphyry,  72 
Quebec,  Cambro-SUurian  fos- 
sils, at,  467 
Quenstodtia  (after  M.  <^»* 
sledi),  595 

IsevigSta,  588 

QuinqueI6otXlina   (fin  parti- 
tion, lat),  630 
Hauerma,  645 


Badiolaria  (lUtle  ray  JtiW. 
lat),  631 

RadioUtcs  (lUtle  ray  fitssU, 
lat.),  631 

Radiop^ira  (ray  pore,  latX^l 

Ragstone,  668 

Kain,  geological  action  of,  102 

Ral8e<l  l>eacheM,  685 

Kakc  veins  of  DerbyshiTe,365 

Kamsay,  Professor,  on  folia- 
tion, 168 

on  coincidence  of  folia- 
tion and  cleavage  in  N. 
Wales,  276 

on  subacrial  denutb- 


tion,  291 

-on  Cambrian  conglome- 


rates, with  i)ebbles  ot  Fns- 
Cambrian  rocks,  309 

on  Scotland,  432 

section  across  Olyder 


Fawr,  435 

on  Snowdon  rocks,  448 

on  Tarannon    shale«. 


469 


table     of      American 
rocks  by,  485 

on   trappean  bivccia. 


646 


oolitic  section  by,  662 

sections  on  nuuni^  of 

map  of,  604 
g^logical  map  of,  667 

on  <irift  of  Caeniarvon- 


shire,  673 
Range  of  tlic  Chalk  hills,  608 
Raphiosaunis  *  (awl  lizard), 

631 
Raphiostt^ma  *  (awl   vumtit), 

462,  465,  540 

equale,  450 

lenticulare,  470 


Rajjtores  (robbers,  lat.),  877 
Rare  species  either  very  new 
or  very  old,  398 


•  Properly  Rhaphsiosauiiis  and  Rhaphiostoiua. 
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"BjUiinUia  (rake  sto  lie,  ktX4G0, 

465 

peregriiiUA,  llg.,446 

Raths  in  Irelaml,  699 
Bavines   always   causod   by 

deuudation,  188 
Beading,  section  at,  638 
Recent  i)eriod,  704 
Bed  Sea  and  Mediterranean, 

different  fauna  of,  392 
Bed  gronse  peiniliar  to  Bri- 
tish islands,  H03 
Red  ochre,  ash   of  Antrim 

basalts,  83 
beds  of,  on  coast 

of  Antrim,  330 
Bed  marls,  with  salt  and  gyi)- 

■um,  M5,  563 

Chalk,  620 

-sandstone  and  gyp- 


gmn  in  Cretaceous  rocks, 
6S4. 
Beglons  of  plants,  385 
Begnosanros        (?   Regnon, 

bnakiiig  limrd),  631 
Begnaalt  on  dimorphism,  26 
Beimdeer  in  Ireland,  695 
Belation  between  extent  and 

comi>osition  of  bed^  188 
— — —  between    gneise    and 
granite,  276 

between  intmsion  of 

igneous  rucks  and  elevation 
of  aqneous  rocks,  344 

between   contents   of 

vein   and   nature   of  sur- 
rounding n>ck,  361 
Bemopleurldt»(oarskle,  lat), 
463,465 

dorao-ei>inifer,  451 

Replacement  petrifaction,  374 
Reports  of  geol(H$ical  survey 

of  Canada,  434 
on    geology  of  New- 
foundland, 457 
RepUles  of  the  Ooliti^s,  539, 

am 

Reptilia  (crawlers),  378 
Reptocea  (cneping  ihing,  lat ), 

681 
Reptomulticava        (creeping 

many  hoUow,  lat),  631 
B^totubigera  (creepin{f  tvhe 

carrier,  lat),  631 
Beqoienia  (after  M.  Beguien), 

631 

Lonsdalei,  608 

Retepdra  (net  pore,  lat),  487 
BeticuUula   (liUU   net  kind, 

lat),  382 
Betinite,  73 
Betiolites  (a  little  net  or  caul 

fastU,  lat),  487 
Betxia  (after  M.  Rets),  487, 

540 

Bailyi.  472 

Beversed  fault,  257 
Rhabdocid^s   (rod  turban), 

595,  632 
BbabdophylliA,  (mZ  leaf),  632 
Bhabdop«')ra  (rod  pure),  035 


Rhntic  licdH,  554 
lihanmitcri  (huckthnrn  /oa^U, 

lat.)    multiuervatus,    flg., 

659 
Rhamphorhynchus        (breaJc 

bUl),  378 
Rhayader  slates  of  Professor 

Sedgwick,  407 
Rhigi,  nagcl-tlue  of,  663 
Rhine,  delta  of,  112 

Devonian  rocks  of,  502 

Rhinoceph&lus   (snout  hecul), 

653 
Rhinoceros  (snotU  Jiorn),  665 

incisivus,  662 

leptorhinus,  668,  692, 

SfmHanionsis,  669 

tichorhinua,  688,  693, 

694 
RhipiddlSpis  (fan  9caU\  653 
Rhipidogyra  (fan  twi^),  594, 

632 
Rhizangta  (root  paU),  631 
Rhizfldua  (fang  tooth),  537 
RIiizop<Vla  (root  footeti),  382 
Rhodocrlnus  (rose  lily),  465, 

509,540 

cost&tus,  530 

Rhonchus  (a  snout),  653 
Rhone  Valley  in   centre    of 

Alps,  351 
Rhopalocdma  (dub  hair),  483 
Rhyac61ite  (stream  stow),  42 
Rhynchonella(/i<te&e(iJI:),  461, 

465 

acuminata,  527 

nngiisllferous,       452  ; 

fli;.,470 

conclnnus,  flg.,  572 

Cuvieri,  flg.,  615 

Gibbrtii,  608 

incoustans,  flg.,  582 

latisrtimn,  612 

navicula,  472 

ncglocta,  469 

nucdla,  flg.,  478 

octoplic^ta,  617 

pentagona,  477 

plennVlon,  flg.,  508 

rimosa,  flg. ,  566 

spinoHO,  flg.,  569 

tetroliedra,  566 

varlans,  588 

Wilsoni.  472 


Rliynchophora  (baikA)ear%ng), 

595 
Rhynchorhinus  Q)eak    nose), 

(k>3 
Rhynchosaurus  (snout  lizard), 

560 
Ribeiria  (proper  name),  465 

coiiiphinSta,  446 

Richardson,  Sir  J.,  iK>lar voy- 
ages of,  103,  398,  694 
Mr.,      on      Anticosti 

IsInnilH,  486 
Richmond  winds,  663 
Richtofon,  Baron,  on  quartz 

crj'stal.s  in  jKH-phyry,  84 
Hidden,  Dr.,  ou  Mi.sHistiii»pi 

river,  111 


Right  hxics,  300 

HiKHoa  (after  M.  Risstt),  547 

Rissoliia  (like  a  Rissoa,  lat), 

597 
RimtUa  (a  litOe  chink,  lat), 

595 
Ringicula  (a  lUtle  grin),  653 
Ripple  or  current  mark,  191 
Rippled  surface  no  evidence 

of    the    deptli    of    water, 

192 
Rise  of  beds,  233 
River  vallej^,  formation  of, 

105 
often  formed  by 

rivers,  292 
Rivers,  geological  action  of, 

106 
amount     of     matter 

brought  by,  110 

that  do  not  form  del- 


tas, 113 

carbonate  of  lime  in. 


125 


Riviere,  M.,  on  feldspars  in 

rocks,  92 
Roan  Hill,  near  Dungannon, 

fossil  flsh  at,  540 
Robulina  (       ?       ),  653 
liock  forming  minerals,  29 

crystal  or  quartz,  32 

salt,  32 

deflnition  of,  49 

naiuo    for  sandstone, 

120 

described,  149 

depositiun  of,  186 

blo<"k8,  fonuation  of, 

207 
beds,    formation     of, 

ll  I 

Rocks,     nomenclature      of, 
wanted,  8 

fonned  of  fused  crys- 
tals, 50 

fonned  by  growth  of 


minerals,  52 

altered  by  heat,  54 

moile   of  distiuguiifh- 


iug,  54 

four  great  classes  of, 


54 


the  most  common  va- 
rieties to  be  l»imt,  56 

divided  by  Joints  into 


blocks,  207 

more  porous  to  wat<;r 


than  to  steam,  343 
Ro<lentia  {gnawing,  lat),  377 
Rogers,  Professor  H.  I).,  ou 

reversed   fault    coinciding 

with  axis  of  inverted  curve, 

259 
on  Lower  Silurians  of 

North  America,  456 

on  American  Silurians, 


485 
532 


ouCarbonifcrous  rocks, 
Professor   W.   B.,  on 


Richmoud  coalUeld,  5V2 
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RoKera,  Messrs.,  on  Paradox- 
ides  Harlani,  457 
Rolling  power  of  water,  109 
"  Rolls ''in  coal-beds,  190  ^ 
Rome,  Pleiocene  beds  of,  671 
R<>iner,  F.,  on  Rhenish  rocks, 

502 
Ronald's    and     RichardHon's 

Chemical  Technology,  139 
Roofing  slate,  '266 
Roots  of  volcanoes  shewn  in 

man)'  islands,  :i33 
Rosalina  (a  little  rote,  latX 

030 
Roscrca,  drift  mounds  near, 

082 
Rose.    Professor,    on    augite 

and  hornblende,  38 
Roslyn  sandstone,  522 
Rostellaii,  Cork  Harbour,  clay 

in    122 
R4)8tell&ria-(a  WtU  beak,  lat.), 

631 

caiinata,  flg.,  610 

rimosa,  tig.,  646 

Rotalia  (littU  wheel,  lat),  383 
RoUlina   (litUe    wheel   kind, 

lat),  594 

caracolla,  609 

obscura.  646 

omata,  616 

Rotation  on    axis   of  earth, 

effect  on  winds  and    cur- 
rents, 387 
Rotch  or  roche,  120 
Rothe-todtliegende,  542 
RotifSra  (tcheel  carrying,  lat), 

380 
Rottenstone  described,  147 
Rowley      Hills,      basalt    of, 

melted  by  Messrs.  Chance, 

64 

basalt  of,  329 

Rubble,  120 
Ruby,  noU,  32 
Rudiste^,  632 

Rudista;   confined   to  Creta- 
ceous period,  625 
RugTisa   (wrinkled  or  rough, 

lat),  381,  489 
Rule  as   t«>    inclination  and 

throw  of  faults,  257 
Ru]>olien.  «h>0,  662 
Kuskin,  Mr.,  on  joints,  219 
Russia,  Pleiocene  deposits  of, 

671 


Habella  (santly,  lat. ),  536 
Sable  do  Beauchamp,  121 

Fontainbleau,  121 

Sagenaria  (tutMke),  535 
Sagenoptfiris  (net-fern),    676, 

594 
Sagittida  (arrow-kind,\&t  ),379 
Sagriua  (  ?  ),  032 

Saint     Achcul,     flint   imple- 
ments in  gravel  of,  701 

Aujou,  Lieut,  brought 

ammonites    from  Now  Si- 
beria, 503 


Saint  Caasian  bedB,  561 

Rtienne,coameld  of,631 

Helena,  plants  of,  893 

Helen's  sands,  644 

Jotm's    slate,    New- 
foundland. 451 

Mary^s  Bay,  fossils  in. 


457 


the 


Paul,  volcanic  island 

of,  336 
Salenia   (?   fh)m    taios, 

shore),  631 

Austeni,  618 

personata,  613 

punct&ta,  609 


Salicites  (willow  fossil),  594 

Salins,  grouiKJ  de,  590 

Salisbury  Crags,    greenstone 
of,  331 

Plain,  603 

Salt,  common  or  rock,  17 

radicle  theory,  18 

Salts,  terminations  denoting, 
17 

two  sets  of,  18 

Salter,  Mr.  J.  W.,   on  Cam- 
brian fossils,  436 

and    Morris 


__    «.^...„,    list 

of  fossils  in  "  Siluria,^'  445, 
486 

on  fossils  in  Su- 


therlandshire,  453 

and    Aveline    on 

so-called     Caradoc     sand- 
stone, 467 


on  Sigillaria,  536 

Salthill,  recent  conglomerate 
at,  674 

Santa  Crux,  TeneriflTe,  hori- 
zontally stratified  beds  of 
volcanic  ash  at,  336 

Sandberger  on  Devonshire 
rocks,  502 

Sandhills  of  Australia,  154 

Sanguinolites  (lUtU  bloody  fos- 
sil), 540 

plicatus,  509 

Sanidine  (like  a  board),  44 

Biindstone,  117 

great  C4ikes  of,  187 

great  thickness  of,  196 

cleavage  of,  266 

fossils,  404 

Sjio  (        ?        X  455 

Sappnire  (Greek  iuiim)  note, 
32 

Sarcintila(a  lUUe  piick,  lat), 
465,  540 

Sarcophilus(/e«V^i*in(f),  396, 
698 

Sarddnyx  f?  onyx  from.  Sardo, 
le.,  Sardinia),  32 

Sarsenstones,  639 

Saurichthys  (lizard -Jish)  npi- 
calia,  551,  557,  559 

costatus,  551 

Saurobatrachia  (lizaid-frogs), 
378 

Sanroceph&lus  (lisard  •  hetid), 
631 

SaurSdon  (lisard-toolh),  031 


Saoropsii      (linrd-lookitif), 

596 
Sauropterygia  QiMard-Jlnned), 

878 
SauBserite  (after  De  Saiunn), 

75 
Saxicava  (rock-hoUowing,  lat) 

rugoaa,  687 
Sawdde    River    and  Yalky, 

section  in,  476,  498 
Scaglia  (ItaJian),  143,  623 
Scalaria  (a  staircoM,  lat),  651 

Duciei,  661 

Gaultina,  fig.,  610 

Orcenlandica,  fig.,  687 

retusa,  664 

Scalpellum  (a  acaJpd  or  knif^ 

lat.),  631 
Scandinavia,  elevation  of,  ^^ 

gneiss  of,  434  . 

Cambrian  rocks     *^*' 

438 
Cambro-Silurian  lo^^** 

of,  455  ^ 

Upper  Silurian  vo^^^ 


of,  484 
blocks 


from,  in  (5^ 

many,  688  ^^ 

ScAnsores  (climbers,  latX  ^^ 
Scaphitea    (skif  fossU),  ^'^ 

631 

equalis,  flg.,  615 

gigas,  flg..609 

Scaphmlus  (skiff-tooth),  596 
Scap«Mite  (club-stone),  41 
Scarborough,  rocks  of,  576 
Scaur  linie.Htone,  522 
Scelidotherium     (limb-bea^^ 

697 
Schillerspar    (shining    spt^^ 

Germ.),  36 
Schist  foliation  of,  273 
Schistose  metaraorphic  roclo^ 

167 
Schizaster  (fplit  starX  663 

Parkinsoni,  664 

S<'!hi2opteri8  (split  frmX  694  ^ 
Schiz^luH  (split  tooth),  547 

Schlotheimi,  544 

Schmerling,    Dr.,    on    fos^^ 

human  bones,  699 
Seholiarrie  grit,  503 
Schorl   (from  Scharlau,  Saz^^ 

ny),  46 
Schorlac«ous       granite      ^ 

Devon,  90 
Si^houw's  Botanical  Regionfl^ 

301 

Scijenilru9(«ruMi«-(a»0,  658 
Sciilnis  (shade-tail,  ie.,  squi^ 

rel),  654 
Scoleclila  (worm-kind),  380 
SctMiostdma  (croaked  wtouth'^ 

652,  559 
ScoIIthus  (ipormstone)  Unei^ 

ris,453 
Scombrinus       (mackerel-iikr'^ 

lat.),  653 
Scotch  and  Cornish  graniteig 

compared  by  Mr.  Sorby,  *^^ 
topaa,  83 
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Seotland,  Cambrian  rocks  of, 


'-^— Cambro-SiluriMi  rocks 
of,  453 

Carboniferous    rocks 


of,  628 

Morchison    and    Oei- 

kie's  map  of,  497 

-Old  Red  sandstone  of, 


495 


of. 


Oolitic  rocks  of,  589 
Prn-Cambrian     rocks 

traps  in  rocks  of,  524 
Upper  Silurian  rocks 
of.  482 

Beott,    Mr.,    and   Professor 

.    Han^ton,    on    rocks    of 
Donegal,  171 

Mr.    M.    W.    T.,    on 
Shropshire  coalfield,  294 

Beonler,  Dr.,  on  extinct  ani- 
mals, 095 

Qerope,  Mr.  Poulett,  on  cra- 
ters, 835 

on  volcanoes  of 

central  France,  293 

Scittella  (a  little  «AieM,  lat.) 
snbrotunda,  664 

Qcntibranchiata  (shield-gilledf 
Ut),  330 

IBcylliodus  (seyllia  tnas  a  Greek 
name/or  a  fUh),  631 
,  bottom,  nature  of,  around 
British  Islands,  115 
——carbonate  of  lime  in. 


1S5 
1S4 


carbonic  acid  gas  in, 

clifb  all  formed  by  ero- 
sion, 100 

water,  composition  of, 


187 

for  coal  beneath  un- 
conformable beds,  299 

Qeoondary  compounds,  17 

granite,  812 

epoch,  549 

Second  nuna  of  M.  Barrande, 
4«4 

flection,  geological,  construc- 
tion of,  234,  716 

shewing  apparent  late- 
ral shift  to  be  really  vertical, 
25 

shew  amount  of  denu- 


dation, 284 
across 


S»6 


Slievnamuck, 


—  of  Devil's  Bit  Moun- 
tain, 288 

of  Lower  Silurian,  un- 


conformable on  Cambrian, 
S95 

of  Freagh   HUl,  Kil- 


kenny,  296 

across  Arrigle  VaUey, 


Kilkenny,  297 

of  limestone  and  gra- 


nite, Carlow,  298 
of  County  Dublin,  305 


Section  across  Djouce  Moun- 
tain, 311 

in  Grace  Mary  Colliery, 

330 

ideal,  of  a  volcano,  833 

of  Prsc-Cambrian  rocks 

in  the  Highlands,  433 

of  the  Longmynd,  435 

of  Bray  Head,  436 

of  Lower  Silurians  S. 


of  Bala  Lake,  442 

of  Wenlock  Edge.  468 

of  Cwm  Cennen  in  S. 


Wales,  493 

uf  the  Dingle  promon- 


tory, 494 

near  CoomhSla,  507 

of    Slievardagh    coal- 


field, 514 
of  8. 


516 


Welsh  coalfield, 


of  the  Derbyshire  ccal- 
field,  519 

of  the  Celt  HiUs,  64b 

of  the  Gloucestershire 

Oolites,  568 
of     the 


Dorsetshiie 
Oolites,  565 

of  Shalcombe  Dowi, 

Isle  of  Wight,  608 

of  Headon  Hill,  Isle  *f 


Wight,  686 

of  Belfast  Valley,  W: 

of  the  Somme  Valle:^ 


near  Amiens,  701 

oblique,  table  for,  71  < 


Sedgwick,  Rev.  Prof.,  on  fer 

stone,  69 
his  Introduction  to  tie 

Synopsis  of  the  Classiflc4- 

tion  of  the  PalRK>zoic  Rock^ 

158 

the    «*  stripe"   <f 


on 


clay  slate,  166 

term  "foliation" 


posed  by,  168 
term  "strike" 


pro 


intro 


duccd  by,  233,  272 

on  cleavage,  266 

on  structure  of  North 


Wales,  441 
his    Upper   Cambrian 

I>eriod,  441 

on  LingtUa  flags,  443 

on  Plynlymmon  rocks. 


452 


452 


Sedgwick  on  the  magnesian 
limestone  of  Durham,  etc., 
543 

on  reptilian  fossils  of 

Upper  Greensand,  613 

on  boulders  ftpom  Cum- 
berland. 674 

Sedgwickia  (after  Pro/e9$or 
Sedgwick),  536 

Sedimentaj7_rocks,  53 

Seely,  Mr.  H.,  on  red  chalk, 
620 

SelSginites  (aeldgo  foBtU,  lat), 
538 

SelSnite  (moorutoneX  35 

Selwyn,  Mr.  A.  B.  C,  sec- 
tions in  N.  Wales  by,  443 

on   Cambrian    rocks, 

435 

his    labours    in    N. 

Wales,  448 

Semlonotus  (marked  hack), 
595 

Semlru,  a  volcano  in  Java,  833 

SenfL  M.,  his  Classification 
una  Beschreibung  der  Fels- 
arten,  59 

on  basalt  of   Rowley 

Hills,  66 

on  trap,  69 


on  AberyBtwith  rocks. 


on  Coniston  rooks,  453 

first  detected  uncon- 

formability     in     so-called 
Caradoc  sandstone,  466 
on    Rhayader    slates. 


467 


on  Denbighshire  sand- 
stone, 467 
on     Upper     Silurian 


Senonien,  etage,  623 
Septaria  (having  partitions). 

156 
Serpentine      (streaked     and 

variegated  like  a  serpent), 

36,  75,  167 
Serpentinite(wrprnftn«  rock), 

79 
SerptUa  (o  little  creeping  thiiuj, 

Iat.)>  536 

amphislKEua,  618 

articulata,  611 

tetragona,  575 

vertebralls,  578 

Serpulites     (serjivla     fossil, 

lat),  465,  490,  540 

dispar,  479 

longissimus,  475 

Sertularidft!,     (little     wreath 

kind),  882,  489 
Sesqui  (one  and  a  half,  lat), 

15 
Sesquicarbonate  of  lime,  33 
Sesquioxide  bases,  18 
Seven  Churches,  Co.  Wlck- 

low,  old  harbour  bar  at,  684 
Sewalik  Hills,  meiocene  lieds 

of,  668 
Shale,  121 
Shanklin  sand,  607 
Shap   granite,    boulders   of, 

673 
Sharpe.  Mr.  D. ,  on  ammonites 
:    in  Irish  chalk,  622 


rocks,  482 

on  Devonshire,  499 

on  trap  of  North 


of 


England,  524 


on  cleavage  in  Corn- 
wall, 268 

Sheep  and  oxen,  different 
breeds  of,  418 

Bhell  mart.  128 

IheUs  in  pleistocene  drift,  073 

1 in  S.  of  Ireland,  675 
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Shia  of  veins,  860 

Shipley  Comuiun,  section  at, 

1»3 
Shoad  stones,  371 
Shotover  Uill,  coral  rag  of, 

679 

Grecnsand  of,  620 

Shropshire      Coal-measures, 

imoonformability  in,  294 
Old  Red  sandstone  of, 

4P2 
Sicily,   pleistocene   deposits 

of,  690 
Sideritc  (iron$tone\  30 
Sienna,  pleiocene  beds  of,  671 
Sii?aretu8  (       ?       ),  653 
Si^illaria  {seal  \iampedt  lat), 

60a,  535,  547 

ronifomiis,  fig.,  525 

Signal  Hill  sandstone  of  New- 
foundland, 457 
Sili(;a,  temxide  or  deutoxide 

of  silicon,  20 
soluble   or  insoluble. 


27 


solubility  of,  60 
proiK)rtion  of,  in 


fel- 


stone,  72 


91 


in  igneous  rocks, 

dei^ending        on 
stmce  rather  than  time,  92 
deiKtsition  of,  in  sea, 


134 
Silicate,  f»»nnation  of,  19 

t«il)le  of,  20 

of   lime,   of  soda, 

I)Otash,  35 

of  magnesia,  37 

of  alumina,  39 


Of 


Siliceous  limestone,  144 

Silt,  123 

Silurin  (Sir  R.  I.  Murchison's 

v'ork)t  444 
Silurian  (from  old  British  tribe 

.Si7»7rM),  441 
SilQnis  (a  shad  fish,  lat),  653 
Simosaurus  (fiat-nosed  lizard), 

551,560 
Simple  bodies  or  elements, 

12 
Single  lined  faults,  254 
Sinking  in  of  a()uet)us  rock  in 

ccmsequence  of  protrusion 

of  igneous,  349 
Sinter,  siliceous,  32 
Siphoma  (pif)e-like),  630 

pynfonnis,  611 

SiphonojHjra    (siphon    pore), 

631 
Slphonotreta  (pipe  per/orat- 
ed), 465,  490 

Anglicji  472 

micula,  445,  454 

Sirenia  (        T       ),  377 
Sivatherium    (Siva — Indian 

god— beast),  663 
Skerries,    Co.    Dublin,    con- 
glomerate in  Carboniferous 

limestone  near,  301 

iddaw  slate,  453 


Slag,  formation  of,  58 

attempted  use  of,  217 

Slate,  day,— 166,  265 

mica — or  schist,  168 

Slaty  diabase,   probably   an 

ash,  82 

cleavage,  265 

Slicken  sides,  247,  360 
Slievardagh  coalfield,  Tippe- 

rary,  514 
Slieve  Bemagh,  Cambro-Siln- 

rian  rocks  of,  455 
Slieve  Bloom,  structure  of, 

288 
— —  drift  on,  676 
Slievenamuck,  hills  and  fault, 

•286,  325 
Sliraon,  Mr.,  fossils  found  by, 

at  Lesniithago,  483 
'•  Siyne  "  of  coal,  212 
Snaragdite    (green     like      a 

tmaragdos  or  emerald),  75 
Snerwick  Wds,  483,  494 
Snilotr5chns  (knife  top),  031 
SiLith,  Dr.W.,  on  the  Oolites, 

Mr.  J.,  of  Jordan  Hill, 

on  drift,  673 
Snyth,   Mr.    Warington    W., 

on  iron  ores,  32 
Slow  of  quart2  crystals,  pn>- 

ilnced  by  Mr.  Jetfries,  50 
Siowdon  range,  cleavage  of, 

267 

higher  than  Anglesea, 


because    more    spared   by 
denudation,  289 

the  Bala  beds  of,  448 

S)ft  red   sandstone  of  Mid- 
land counties,  545 
Boil,  formation  of,  155 
Kilarium  (a  sun  dUU,  lat.), 
595 

conoideum,  610 

iolaster  («/«  star,  lat.),  595 
Solecurtu.s    (tvbe    cut    shorty 

lat.),  631 
^lemya  (tube  mya),  547 
■iolen  (a  tulte  or  ptj>c),  653 
Solenites  (tulte  fossil),  594 
5olenostrC>bu8  (tube  fir-cone), 

Somerville,  Mrs.,  Physical 
Geography  of,  221 

Somme  R.,  valley  of,  700 

Sopwith,  Mr.,  on  stone  gal- 
leric.**,  or  chimneys  of  smelt- 
ing works,  302 

Sorby,  Mr,,  on  microscopical 
structiUH?  of  crystals,  58 

on  granite,  94 

machine  for  imitating 


oblique  lamination  by,  190 
on  ripple   or  current 


mark,  192 

on  slaty  cleavage,  269 


Souabienncs,  Mames,  590 
Soundings    between    Ireland 

and  Newf(mndland,  128 
South  America,  elevation  of 

land  in,  230  I 


South  America,  foliation  in, 

273 

gneiss  of,  434 

Cretaceous  rocks 

of,  624 
extinct  mainnala 

of,  697 

Downs,  ebaUc  of,  603 

Statfordahire  coalfield. 


extent  of  beds  in,  1S5 
.•reparation 


of 


Thick  coal  in,  188 

roll,  or  swell,  and 


oblique  lamination  in,  190 
inversion  of  c<»al 


in,  243 


uneonformability 
between  horizontal  beds  in, 
294 

Wales, Upper  Silurians 


of,  481 


Of,  492 


Old     Red    sand- 
Carboniferous  rocks 

of,  516 
SpalacMon  (mole  tooth),  6^>6 
Si>alacotheriuin  (mole  beust), 

416,  595 

Brodiei,  588 

Spars  in  veins,  358 
Spatangus  (gr.  name  for  tht 

genus),  653 
S}vithic  iron  ore,  34 
Si>ecie8  restricted  by  climate, 

384 
originated  in  scatterctl 

apota,  891 

vary  in  range,  410 

origin  of,  416 


Specific  gra\ity  and  extent  of 
bed,  188 

—    of     the    earth, 


225 


centres,  891 


Specular  iron,  32 

Speeton  clay,  619 

Sphsvra  (a  sphosrt,  lat.),  590, 
632 

comiguta,  fig.,  60S 

Sphere  da  (gMte-likr).  594 

Spha>rex(V!hus   (sphivre   emi- 
nent), 46,'i,  465,  490 

minis,  475 

8phairococ:citcs    (ijlohf.    berry 
fossil),  594 

8phajn5d!ifl  (globe  tooth),  590 

gigna,  582 

8phjprr)ldal  balls  of  basalt,  210 

Sphseronites    (splurrt  fossil), 
463,  46^ 

Litchii,  fig.,  450 

Sphwro-sidcriie    (ball    iron- 
stone). 84 

SphagOdus  (cut  throat  tooth), 
480 

SphonacAnthus  (tr«(2{^  spine), 
537 

Sphononchus  (tcedge  tumour), 
595,  632 

Sphenophyllum  (tcedge  leaf), 
535,  593 
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Sphenopi&riB  (wedge  fem)t035, 

670,  000,  032 

cren&ta,  525 

gracilis,  005 

Bphenosauius     (vxdge    tau- 

rian),  500 
Sphynenodos  (sphynrna 

tooth),  653 
Bpilites  (apotUd  stone),  a  ay- 

nonym  fur  trai)i>eait  agh,  83 
Spinaz  (thorny,  \&L),  (153 
Spinigera  (thorn-hearing, \&t.), 

695 
Spirifer  sandHtein,  502 
BpirifSra  (spire-l/earing,  lat), 

881,  400,  4^^5,  601 

caicahita,  501 

uristata,  544 

caltr^jiigOta,  502 

cuspidilta,  fig.,  508 

difouncta  (or  yerneu- 

iUii),508 

glabra,  527 

imbricata,  508 

lineata,  508 

macn>pt6ra,  502,  504 

Munstcri,  553 

pinguis,  527 

plicatella,  flg.,  470, 472 

specioiia,  501,  502 

Stokesli,  534 

striata,  508 ;  fig.,  520 

subradiata,  534 

Wallcottii,  fig.,  500 


Splrifera  Vemeoiilil  schiefer, 

602 
BpiriUIna  (little  spire  kind, 

lat),  547 

inflina,  565 

8pirr}gl^)Uu8   (spire  carver), 

630 
Bpirorbis  (spire  orb,  lat),  488, 

530 

carbonnrius,  530 

8pitzlM>rgi>ii,     land     disinte- 
grated by  ice  in,  103 
8|>ilnt  or  hard  coal,  152 
Spodunicne       (ash-like       in 

colour),  44 
Sporadic  origins  of  species, 

3S4 
Bpondylus  (a  joint  or  socket), 

031 

8p!n5»us,  617 

Sponges  of  the  Chalk,  625 
Mpongia  (a  sponge,  lat.),  5M 
Spongldtt;  (sponge  kiiui,  lat.), 

882 
Bqnaloraia    (^ark     ray-fish, 

lat),  5i>5 
Staffonlshire,  "  wliito  rock" 

trap  of,  70 

Khsctic  beds  in,  555 
BtagonolCpis  {deep  scale),  403, 

504 
Btainton  Dale,  rocks  of,  570 
Stalactites  (drojtping   stoiie), 

126,  143 
Stalagmites  (dropped  stone), 

126,  143 
Btanemoor,  boulders  on,  078 


"Station,"  "provinco,"  and 
"  tiJiie,"  three  caoscs  of  dif- 
ference in  fossils  at  differ- 
ent places,  407 
8tatuary  marble,  100 
8taurocei)h&lus  (cross  head), 
463,465,490 

Klobiceps,  451 

MurchisonicB,  475 

8taun>litc  (cross  stone),  30,301 
Steam  unable   to   penetrate 
iN)res  which  are  permeable 
by  water,  343 
Steatite  (fat  stone),  30 
Steej)  inclinations  never  pro- 
duced near  the  surfacie,  347 
ategodon  (gable  tooth),  003,065 
Stellaster  {star-star,  lat.),  031 
Btellomisa  (       ?       ),  031 
Stcmplcs,  372 

Steneosaurus    (short    liaard, 
pro[)erly  stenosauras),  595 

n)8tro  minor,  582 

Stenopilra  (narrow  pore),  405 

crinita,  534 

fibrosa,  472 

Steuost6nia  (narrow  mouth), 

031 
Step  fault,  250 
Stephanocwnia(crotm  cania), 

594 
StophanophyUia  (crown  leaf), 
631 

Bowerbankii,  010 

8tere6gn&thus   (strong  jaw), 
595,600 

ooliticus,  415,  573 

Sterdopsamniia  (firm  santl), 

653 
Btembergia  (after  M.  Stern- 
berg), 535 
Stigmaria  (pitted  la-e)  535,647 

ticoides,  fig.,  525 

Stilbito  (lustre  stone),  44,  48 
Stinkstein,  145 
Stiper8t<mes,  section  of,  435 
Htockbridge  limestone  of  Dr. 

Emmons,  458 
Stohr.  Mr.,  523 
StomfliWida  (viovth  footed)  329 
St6mfttia  (mouthy),  595 
Btomilt^Hia  (mmtJi  hiuHng),3S2 
8tome(;hInus  (mouth  echinus), 

595 
SUmesfleld  slate,  571 

remains  of  mammals 

in,  415 
Stope  (mining  term),  372 
Stowce  (mining  term),  372 
HtnidbaUy,  Queen's   County, 

esker  near,  683 
Strata,  variation  of,  177 
Stratification,  177 

irregular,  189 

Stratified  rocks,  53 
Stream  works,  364 
8tre])h<Mcs  (turn  the  t«iy),465, 

540 
8trepsipt?ra  (bent  ir//j^«(/),379 
StrcptosiKjndylus  (tmst  txr- 
tebra),  595, 632 


Stroptospondylus  mi^or,  000 
Strickland,  Mr.,  on  bone  bed, 

180 
Stricklandia  (after  Ifr.  Striek' 

land),  594 
Strike  and  dip  of  beds,  233 
Stringocephalus    (owl  head), 

504 

— ^^ Burtini,  501,  503 

limestone,  500 

"Stripe"  of  slate,  200 
Strobilites  (Jir-coue  fossil),5M 
Stromatopora  (stratum  pore), 

405 

placenta,  fig.  500 

striatclla.  461,  471 

Strombus  (a  top),  053 

Bartonensis,  fig.,  040 

Strophalosia  (top-like)  561 

Goldfussii,  544 

StrophOdus  (turn  tooth),  595, 

032 

magnns,  573 

subreticulatus,  570 

Strophomena    (turn    moon), 

462,  465 

arenaria,  469 

complanata,  449  >• 

compressa,  409 

concentrica,  409 

crenistria,  508 

dei>ressa,  fig. ,  473 

euglj-pha,  fig.,  473 


Strzelecki,  section  of  New  S. 
Wales  by.  534 

Stuttgart,  Kcuper  near,  551 

Styglna  (stygian),  401, 463,465 

Sty  Una  (j^Ular-like,  lat),  594, 
632 

tubulifera,  579 

Styloccenla  (stalk  cania)  031 

Stylocyathus  (stalk  cuj*)  631 

Styloph<5ra  (stifle  orpin  carry- 
ing), 653 

StylosmUia  (stalk,  pin,  or  pil- 
lar knife),  594,  632 

Subapennine  Hills,  671 

Submarine  forests  and  pc&t- 
bogs,  686 

Succession  of  species,  law  of, 
412 

Successive  surfaces  over  gran- 
ite area,  318 

Succinea  (amber  like,  lat.),  653 

Sucho8aurus(crocod{/e  lisard), 
631 

Sudden  thickening  of  beds, 
188 

destruction  of  species 

a  mistake,  414 

Suess,  M.,  on  Kossen  beds, 
5.W 

Suessonlcn  etage,  652 

SulcoretepSra    (furrow     net 
pore,  latX  636 

Sullivan,  Dr.  W.  K.,  list  of 
elements  by,  12 

on    nomenclature    of 

silicates,  20 

note  on   isomor|>hism 


by,  25 
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Sullivan  on  nllotiDpiHrn,  27 

on  iiiii'H8,  4S 

Suli»liate  (if  lime,  :U 

UeiMisition  of,  136 

Sulphur,  30 

Sulphuric  acid,  1«I 

"Suntiav  str»'ak"  in  traver- 
tine, AoiMmiled  in  pii)ea  of 
inanufuctorios,  1'27 

Sunshine  at  p<iles  perjietual 
if  earth's  axis  were  pcn>f  u- 
(licular  to  plane  of  her  orbit, 
4*21 

SunHtone,  44 

SuperKa  beds,  662 

Sup]>osed  poHition  of  granite 
m  moiintaiuH,  810 

Surface  disturlwinco  of  cleav- 
age planes,  271 

not  formed  by  erosion, 

is  ver>'  rare,  2M) 

car\iug   machinery  of 


earth,  281 

of  denudation  neces- 


sary for   unconformability 
to  exist,  203 

on    Lower   Palaeozoic 


formed  before  deposition  of 
Upper,  803 

of  granite  irregular  on 


original  consolidation,  317 
only  slightly  alfected 


by  great    deep-seated  dis- 
turbance, 848 

of  ground  has  never, 


except  accidentally,  a  rela- 
tion to  dip  of  rock  beneath 
it,  848 
Stincy,  maps  of  geological — 
rccjuin'  projH'r  interpreta- 
tion, 299 
Sussex  marble,  604 
Sutherlandshin?,  gneiss  of,  432 

Cambrian  mcks  of,  488 

Cambro-Silurian  rocks 

of,  458 
"  Swells  "  in  coal  beds,  190 
Sweden  an«l  Norway,  rise  of 

land  in,  229 
Swiss  lakes,  country  of,  662 
Switzerland,Crotaceous  rocks 
of,  622 

Meiocene  beds  of,  662 

drift  numnds  in,  683 

boulders  in,  689 

Swords,  County  Dublin,  con- 
glomerate in  the  Carboni- 
ferous limestone  near,  802 
Sycoerinus  (fig  lily),  536 
Sydney  saiicistone,  534 
Syenite  (from  Syfne  in  Egypt), 

75,  88 
Syenitic  greenstone,  89 
Symmetrical  axes  of  crystals, 

21 
Synbathocrlnus  (    ?    ?   lily), 

586 
Synclinal  curves,  239 
Syndosraya  (       ?       ),  653 

splendens,  642 

Synhelia  (       ?       ),  631 


Svnocladla  (folded  together), 
'547 

virgularea,  flg.,  544 

8yringo]k'»ra(pfj)fjK>re),465,640 

bifurcita,  472 

ramulOsa,  526 

Systems  of  crystals,  21 
and  fonnatioiiB,  411 


"  Table  Batt"  in  B.  Staff, 

extent  of,  185 
Table  of  dips,  713 
of  depth  and  thickness, 

715 

of  obliqne  sections,  718 

Tabular  spar,  35 

classification  of  rocks, 

173 
view  of  characteristic 

British  fossils,  500 
Taconic      system      of     Dr. 

l^hnmons,  438.  457 
Teeni&da  (band  like),  880 
Ta-nlopteris    (ribband  femX 

593,  594,  676 

latifolia,  671 

vittAta,  671 

Taghmon,    County  Wexford, 

Carboniferous      limestone 

near,  296 
Tale  (GermanX  36 

schist,  168 

Talcheer,  coalfield  of,  638 
Tamping  (mining  term),  872 
Tancredia  (after If r.  Tancrtd), 

560 
Tanystr5ph6us  (vHde  vertelra), 

560 
Tai»irs,  697 

Tai)irus  ar\'emen8is,  693 
Tara  sandstone,  598 
Tarannon  shales,  467, 468, 471 
Tardigrida  (slow  going,  lat), 

879 
Tasmania,         Carboniferons 

n)cks  of,  533 
Taxites  (yew  fossil),  694 
Taxocrinus  (yew  lily),  640,  594 

Orbignyi,  478 

tessaracontadactj^lus, 

475 

Tectibranchiata    (roof-gUUd, 

lat.),  881 
Teleosau  rus  (far-offlizard)  206 

asthenodeiras,  682 

Chapmanni,  668 

Teleri>5ton  (Jar  reptile),  498, 

504 
Telllna  (lat.  name  for  a  sheU), 

631 

Balthica,  687 

solidiUa,  687 

Teleostei  (perfect  honed),  878, 

629 
Temnechinus,    (cut    echinus) 

exc^vatus,  flg.,  668 
Temperature,  increase  of,  in 

deep  mines,  224 
distribution  of,  in  air 

and  ocean,  886 


TenerifTe,  peak  of.  335 
Tentactllite  limestone,  484 
Tentaculites   (tentade  fossil, 

lat.),  463,  465,  490,  504 

omtans,  475 

tenuis,  479 

Teratichthys  (monetrcms  MAX 

653 
Terebellaria  (like  a  litOe  attger, 

lat),  694 
Terebellnm  (a  ewiaU   auger, 

latX<^ 
Terebra  (an  auger,  lalX  668, 

663 
Terebratella    (a    diminutive 

terebratula),  694 
Terebratflla  (a  little  bore  hole, 

lat.),  881,  487,  636 

ampulla,  064 

arcnaici,  602 

bipUcftta,  flg.,  612 

bitinnata,  646 

cam&L  flg.,  616,  619 

carinftta,  669 

coarctSta,  671 

digona,  flg.,  672 

fimbria,  669 

grandis,  fig.,  668 

hastftU,  flg.,  526 

impressa,  688 

intermedia,  flg,,  574 

maxill&ta,  572 

numismaUs,  fig.,  566 

obovftta,  574 

omithoceph&la,  688 

pectlta.  612 

perovolis,  569 

sella,  flg.,  608 

'■ —  viilgfiris,  flg.,  550 

Terebratulina  (diminutive  tere- 

hratuln),  631 

striata,  617 

striatflla,  fig.,  641 

TerebriroRtra    (bored     heal), 

631 
Teredo  (a  borer),  631 

antenanto,  641 

Teredina  (feredo-like),  653 
Termination  of  l)ed,  185 
Tertiary  clay  slate, 

granite,  312 

eiKMjh,  633 
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Testacca,  fossil  — ten    times 

more  numerous  thau  living, 

402 
Tetrabranchiata  (four  gilUd), 

380 
Tetragonis    (four    cornered), 

488 
TetragonolJ^pis   (ftmr   comer 

scale),  595 
Tetralophftdon     (four    ridge 

tooth),  664 
Tetramerocrfnus   (four   part 

Wy),  488 
Tetrapt^rus  (four  fin),  631 
Textularia  (tittle  web  like,  lat), 

647 
Thalassicolla  (sea  jelly),  382 
Thallassictes   (sea  weasel), 

660 


Forbad,  *JT 

ThacUlam  (a  tn-Ulx  Mdw). 


nie<uui«  {       t       )i  Alt 
globom,  M8 


"TWA  OMl"    ef   ^  '^■^' 
fktrdiUic.iil'Utllnk-  uf  "I . .  ' 

•10 
Thivlnun  oT  cuth'i  emit, 

of  beili.  moda  of  de- 

tmnlnJui,  33U 
Tblrd  &IIU  of  H.  BuTUule, 

«M 
TbouuutoKh,  Killuniiy  0>. 

nniciun  of  counliy  Heir, 

VboDunnlta  faft«r  Dr.  T^Lom- 
i™  ^OtaiBMBi  48.  48 


Virl"BODCitiu  {TAriiBi  Cdob'] 


Kurrluiuii,  (KA 

Ttvulllnn  (Uormt     T      ).  iti 


Ii<am  dul  Faoipa,  clanviKC  of,  [ 


Tbiior,  flk!vatp<1cDn]re«riftt. 

Tin  on,  mods  of  occnrrmet 

TlntaBiil  »latP,rlMHiia;  of,!ilB 
Tlppormry,  gre«tfiuiUiiidJi.-- 


TnippeHi  iwkii.  (I»,  SM 
uh, 'w.'m,  925.  448, 

TimTertins 

«Ii.  Pfnnrun,  U^ 

l*M[llg  UlTOOEb 

TliHliu  (fun 


BOfDetll^BblK,  i: 

Tfuca  of,  SK 

d  rclDg  iboVB  > 


mm.i,e  r.irnl   t.-tfii   iif,  an 
like  LlTi.crli:k  trap  .iuttlct. 

Tutu]  exdnvtliin  uf  ipccki, 

T.mmuUnE,  4S 

Timttls,  an 

Toitstpr  fltiu'  (Inr),  Ml 

TuliKCru  (Fnnif  Jkim).  SIS 

TaxoiloiiUii  (ftcw  Itmoiril),  ■:" 

Trai-lirnria   Harins   traelua, 

Ut.),a;e 
Tnchydcrmafrmi^H  •(  f  nX  4<U, 

intlr[iiiMlimim,  449 


Trflocema  (boml  horM),  4T0, 

Tirtimtcnian  (jurfiimlnt 

fcmuIb'iKj,  M>3,  lid: 

TriuHic  period,  U49 
Tiibntan,     Comlah    mining 

Trir.nwll'iw*      itlmr-ftvUIrl 

fi^j).  tea 

Trl.htn.ii-dy.         Cretuconji 

Tnch:Ul<-^  rn'f  Ir  mr),  4M 
Trio-in-diHi  (MrH  wiu  iMlh), 

THdiiinik  (UriH  lillug)  foul  I 

tn  Tliu«r,  V,a 
Tri-r,Lla.(IJ..-«r.,f.im.J),W2, 


Trlf.-'-.ii-ir^raa         (IWaHsrulnr 
S..rn),  KtO 


Trihi'iilioa  likrrt  j^irtirioiu), 

,    por-mnniliiBin,  «il 

TrilA|>hl^■lu>I(IAt^'-^/c^  bfjli), 

Riar,  Hr,  on  Iha  drin, 
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Triraon>houii     (triple-ftrrnifd) 

IxHlics,  '2ti 
Trinu(rl»'us  (three  kertul^  lat.), 

4r,:>,  4»u,  4«3:t,  405 

concentricus,  456 

(liubriutUM,  fig.,  447 

Ll(»ydii.  447 

aeticoruis,  451 

Trioiiyx  (three  rlaw),  595,  653 

iucriuiHStus,  650 

Tripang  (Malay  lutme)  feed- 
ing on  cornl,  132 
Tristyohius  (/*  tristkhos,  triple 

ftirmir),  5;i7 
Triton  (a  sen  god),  653 
Tn)ch«'lla    (a    liUle    trochvs, 

lat.),  536 

]»ri8('n,  528 

Trocliocyathus  (trochus  ctip), 

5»4 

conulus,  flg.,  610 

Moorei,  566 

Trorh(»nenia  (trochus  thread)^ 

462 

tririnctum,  470 

Tro(>hosmilia  (trfxhtu  Jcni/e), 

51>4 

8UlcAta,  609 

TrochftU'wna  (trochus  ait),  695 

annuloideH,  573 

TrochuH  («  Jjoy's  U>p),  487,  619 
Holopwa  of  Bala  beds 

allied  to,  462 

monilifer,  647 

niultitoniuatus,  470 

tritonpiaturt,  470 


^ 


Tr^Iihon  (nourUhnunt)    flub- 

nodoBuni,  642 
Tropical  kind  of  climate  for- 
merly in   British   Islands, 

420 
TrojJidastor  (keel  star),  595 
Trough  faults,  260 
Tnincatulina   (a  little  trunk 

kind),  630 
Tubbing  (mining  term),  372 
Tubulibranchiiita  (tubegilUd), 

380 
Tuff,  volcanic,  67 
Tullow     and     Hacketstown, 

width  of  low  granite  surface 

at,  318 
Tally  limestone,  503 
Tanbridge  Wells  sand,  605 
Turl»ellaria   (lunc  mob  sort), 

380 
Turbinolia  (like  a  little  top), 

653 

Bowcrbankii,  645 

Turbo  (a  boy's  top,  lat.;  the 

name  tjiven  by  the  Romans 

to  a  u^helk),  487 
Cyclonema  a  subgeniis 

of,  462 
Turf,   or   peat   beneath    sea 

round  all  the  coasts  of  Ire- 
land, 68 
Turonien,  et«ge,  628 
Turrilites  (little  tower  fossil), 

628,  631,  632 
costfttus,  fig.,  615 


Turitolla  (a  little  turret,  latX 

HoloiK'Ua  resembles,  462 

commuuis.  688 

conc-fiva,  583 

grauiilata,  613 

incrassata,  675 

reaUfito,  650 

Tutmen  (wining  term),  872 
T}-lost<5ma  (calloriiy  mouth), 

631 
Tvuipanophdra  (bell  earryingX 

'594 
Tyndall,  Dr.,  on  glaciers,  104, 

246 

on  cleavage,  270 

Typhis  (?  troia  tn>ho8,  fwtoke), 

653 
pungens,  647 


Udotka,  630 

Ulodendendron  (aeab  or  tear 
tree),  536 

Ulophyllia  (acar  leaf),  594 

Uncites    (hook   fouU,    lat) 
gryphus,  509 

i>orrectus,  501 

Unconformability  and  over- 
lap, 293 

of     Cambro  -  Silaiian 

rocks  on  Cambrian,  296 
neglect     of,     money 


wasted  in  Btaffordshire  by, 
299 

practical    importance 


of,  299,  659 

of  Upper  and  Lower 


Palaeozoic  rocks  of  Dublin 

proved    by    inspection   of 

maps  only,  303 
Under-clay  beneath  coal,  199 
Underlie,  372 
Uniaxial  mica,  40 
Unieardium  (one  heart,  lat.)) 

595 
Uniclinal  curves,  242 
Unio  (lat.  name  for  a  pearl 

shell), 

Mantellii,  fig.,  606 

Valdensis,  606 

United  States,  Carboniferoos 

rocks  of,  632 
Unstratified  rocks,  63 
Unwaterlng  of  mines,  869 
Upper    Church,    Tipperary, 

coal  squeezed  in  contortions 

at,  238 
U  pper  Cambrian  of  Prof.  Bedg- 

wick,  441 

Caradoc  rocks,  467 

Cretaceous  rocks,  609 

Eocene  groups,  647 

Oreensand,  611 

Headon  beds,  636 

LiaH,  663,  666 

Llandovery  rocks,  466, 


468 


Ludlow  rock,  475 
Old  Red  sandstonp,469 
Oolites,  564.  581 
Bi.  C«B8iJUi  beds,  55S 


Upper  Silurian  period,  466 

fossils  in  Bohemia 

and  Bcandinana,  484 

Upthrow  fault,  widens  space 
between  anticlinal,  and 
narrows  that  between  syn- 
clinal outcrops,  262 

U]  (throw  or  ni>cast  of  a  fault, 
246 

Uptilting,  mountains  of,  S60 

Upware  near  Ely,  Coral  Rag 
at,  620 

Uralite  (from  Ural  Moun- 
tains), 39 

Ura8ter(tati  star)  Gaveyi,  568 

urinuevus,  462 

*'Uret,  nieaniug  of  words 
ending  in,  14, 

Uron^mus  (?  taa  tkrmdf), 
537 

Ursus(5ear,  Uit)  arvemensiB, 
693 

speUeus,  688,  693 


Usk,  Wenlock  rocks  at,  471 
river,  493 


Utica  sUte,  466 


Vaginuuma     (liUle    ^eath^ 

lat),  694 
Valenciennes,  coalfield  of,  531 
Valleys  always  caused  by  de- 

nudati(m,  283 

of  one  kind  only,  350 

of  Rhone  and  Chamoa- 

nix,  861 
of 


Bonune,    section 
across,  701 

Van  Diemen's  Land,te88eUited 
pavement  in,  218 

Variegated  asbestos,  86 

slate  of  Newfoundland, 

467 

Varieties  of  faults,  246 

of  breeds,  417 

Vari51Ite  (smallpox  ttone,  lat.X 
78 

Various  d^rees  of  climate 
influence,  389 

Vartry  river,  delta  of,  100 

valley,  granite  boulder 

in,  678 

Vasculiiis  (inscularf  lat), 
883 

Vegetable  kingdom,  883 

Veins  of  igneous  rock,  53 

of  granite,  316 

of  trap.  320 

mineral,  fallacious  ap- 
pearance of  connection  be- 
tween age  of  rock  or  igne- 
ous origin  of  rock  and,  366 

mining,  368 

minerals  in,  868 


Velclla  (a  little  taU,  lat.X  480 
Venericardia(K(nttM  eardium, 

lat),  646 
Ventilation  in  coal  mines.  368 
VentricuUtes      (littU      Mly 

fossa,  latX  ^0 
decuirens,  615 


INDEX. 


703 


VentriciJitev  ndlmttu,  615 
Venus  (godduM),  018 

mercenarJA,  664 

tiicUuaioides,  664 

VermftuB  (vfom-likeX  536 
Venniciilaria  (womUikt,  lat), 

696 

Bognoriensia,  fig.,  640 

concava,  613 

YermmtLiwcrmlike,  lat),  547 
Veroeail,  M.  Ed.  de,  on  thick- 

neM  of  Upper  Oreensand, 

628 

on  Aralo-Caspian  beds, 

671 
TemeuUina  (after  M.  de  Ver- 

neuil),&iiO 
VerrQca(atiKtr<,  latX  ^^^ 
Vertebrarla  (like  a  vertebra, 

latX  588,  693 

Indica,  584 

Vertebrftta  (having  rertofrrcv, 

latl  376 
Vertebrate  animals  not  yet 

found  in  Cambro-Silunan 

rocks,  464 
Vertical  cliff's  formed  by  sur^ 

face   of  bed,    near   Loop 

Head,  County  Clare,  242 

extension  of  faults,  263 

VerticiUites    ($plndie    fossil, 

lat.)  anastomosans,  611 
Vespertilio,  654 
VesuTian  (from  Vesuvius),  40 
Vesuvius,  ape  of,  707 
Vienna  basin,  602 
Vincularia  (chain-like,   lat), 

536,632 
Virginia,  carboniferous  rocks 

of,  532 
Volcanic  rocks,  58,  332 

glass  or  obsidian,  64 

tutfor  ash,  67 

grit,  119 

cones  of  older  geologi- 
cal periods  not  preserved, 

338 

eruptions,     supposed 


cause  of,  343 

Volcanoes,  proof  of  internal 
heat  from,  224 

Volcanoes  of  Eifel  long  sub- 
sequent to  valleys,  291 

of  Eastern    Archipe- 
lago, 333 

generally  near  to,  or 


in  the  sea,  343 

existing,   extent 


700 


of. 


VolUzia  (after  M.  Voltz),  647 

heterophylla,  549 

Philipsii,  443 

Voltlta  (a   volute   or  spiral, 

lat),  619,  631 

. Lainberti,  fig.,  668 

luctatrix,  fig.,  646 

Rathi«Ti,  049 

• scabrieula,  fig. ,  040 

. Wetherellii,  Hg.,  041 

Volvaria  (like  the  yolk  of  an 

Bgg,  lat),  053 


Von  Buch  on  cleavage  in  Nor- 
way, 273 

on  craters  of  elevation, 

335 

Von  Decken  on  the  Rhine 
rockei,  502 

Vug  (Cornish  mining  term), 
372 

Vulvulina  (lUtle  toomb-kind, 
lat),  594 


Wackr    (German)    or  clay- 
stone,  80 

cither  ash  or  decom- 
posed trap,  83 

Wadhurst  clay,  605 

Walanainatta  shales,  634 

Wainia  river,  depression  of 
land  about,  230 

Walchia   (after    M.    Walch), 
535 

Wales,  Cambro-Silurian  rocks 
of,  441 

Walfeitlin,  M. ,  on  temperature 
of  deep  wells,  225 

Walker's  earth,  475 

Walls  of  a  lode,  359 

Wallsall,  limestone  at,  471 

Walterhausen  on  lava  dykes 
about  Etna,  338 

Wasdale  Crag,  blocks  drifted 
from,  673 

Waiih,  delta  of  rivers  in  the, 
114 

Water,  power  of,  in  motion, 
109 

natural     colour     of, 

115 

Waterstones,  645,  558 

Watt,    Mr,  Gregor)-,  on  co- 
lumnar liasalt,  216 

Weald,   denudation  of,  time 
required  for,  290 

Wealden     beds,     663,     602, 
604 

Woathering  of  rocks,  168 

Weaver,    Mr.,    on    supposed 
beds  of  granite,  317 

Webbina   (afu>r  Mr.    Webb), 
6m 

Webster,  Mr,  on  freshwater 
beds  of  Isle  of  Wight.  643 

Webstcria  (after  Afr.  Webster), 
053 

Welsh  words,  pronunciation 
of.  449 

Wenlock  grits,  407 

edge,  4G8 

limestone,  4C8,  471 

shale,  471 

fossils,  473 

nx^ks  of  North  Ameri- 
ca, 486 

Wcrfen  beds,  662 

Wcrnerito  (afttT  IfVrner) ,  41 

Westbur>',  bone-bed  at,  656 

West  Nab,  rocks  of,  570 

Wetherellia  (after  Afr.  Wether- 
ell),  063 

variabilis,  640 


Wexford  County,  low  because 
of  denudation,  289 

Cambrian  rocks 

of,  436 

drift  marls    and 

shells  in,  675 

Wheal  (for  huel),  372 

Whitecliif  Bay,  sections   at, 
643 

White  traps  of  Canada,  73 

"White   rock"  trap  of  Staf- 
fordshire, 79,  80 

Wicklow  County   micaceous 
greenstone  of,  74 

new  land  forming  along 


coast  of,  100 

metamorphosed  rocks 


of,  163 

Cambrian  rooks  of,  436 

limestone  gravel  in. 


675 

Width  of  a  fault,  246 

Willson,  Mr.  W.  L.,  on  cre- 
vices formed  along  joiuts, 
219 

Winze  (mining  term),  372 

WissenWch  slates,  502 

Withaiii,  Mr.,  description  of 
CockHeld  Fell  dyke  by,  329 

on  microscopic  struc- 
ture of  c(»al,  153 

Wolf,  last  in  Ireland,  699 

Wolhistonite  (after  Dr.  WoU 
InstaneX  35 

Wood  asbestos,  38 

WoiKlocrinus  (Afr.  Wood's 
lily),  530 

Woodward,  Mr.,  Manual  of 
Molluscs  by,  600 

Woolhope  or  Burr  limestone, 
468,  471 

Woolly  elepliant  and  rhino- 
ceros, 081 

Woolwich  and  Reading  beds, 
638 

Worburrow  Bay,  586 

Worth  Sands,  604 

Wren's  nest  near  Dudley, 
dume-shaped  elevation  of, 
347,  471 

Wright,  Dr.,  of  Cheltenham, 
on  Rhalic  beds,  666 

on  Upper  Lias,  666 

Wychwood  Forest,  673 

Wylcy,  Mr.  Andiew,  on  dolo- 
mitic  rocks  of  Kilkenny, 
162 

Wynne,  Mr.  A.  B.,  on  coal 
in  the  Cambro-Silurian 
rocks  of  Tipperary,  238, 
454 

on  Devil's  Bit  Moun- 
tain, 288 

boulder  sketched  by, 


676 


on    esker   near    Bor- 


risokaue,  684 


XipmodTin      (sword      tooth), 
664 


761 

Xiphorarm  (fwortt  taUid^  879 
Xuliono«pnonitet  (woody  pod 
fottti)  S79 


Yale  and  Bala  fkiilt,  448 
Yellow  sandfltone,  408 
Yellow  8ea,  detiitoa  dellTeted 

into,  110 
Yoretlale  aeiies,  62S 
Yorkshire,  lower  ooUtea  of, 

675 

■        Oolites  different  fitom 

OloucestexBliire,  SOS 


INDEX. 

YorlLBUre,Clialk  xotta  an  Lbs 

in,  620 
Ypreaien,  syit^e,  6S1 

Zamia,  678,  69S 

Zamit«8,  (zamia  fMtO),  MM 

Zamioetrobus   (mmia   com), 

694,632 
ZanthopRis   (waniku»4ookiiig) 

taberculatOB,  flg.,  840 
Zaphrentu(    T    ),  487,  640 
Zechiitcin,  642 
Zeolites  (boil  itone},  sammsry 

of,  48 


Zei]gl5doB  (yate  taoA>,  665 
Zingeai  River,    detrttos  in, 

107 
Ziroon  (aerfe,  a  jineioiis  itoae, 

AiabicX 

syenite,  80 

Zoanthaiia    {animal    JUneer 

Mud),  881,  480 
Zoisite  (after  Barom  Vim  ZoU), 

41 
Zone  de  Rudistea,  828 
Zones  of  depth  in  sea,  385 
ZonopJSra  (belt  port),  631 
Zoology  and  botany,  873 
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Or,  A  Systematic  Summary  of  Extinct  Animaxs  and  their 

Geological  Relations. 

By  RICHARD  OWEN,  F.RS.,  Superintendent  of  the  Natural 
History  Departments  in  the  British  Museum. 

**  No  one  irith  cmi^  pretensions  to  science  should  he  withmit 
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"  The  Prince  of  Palteontologists  has  here  presented  us  tm'th  a 
most  comprehensive  survey  of  the  characters,  succession,  geohxjical 
position,  and  fjeographical  distribution  of  the  various  fot^is  of  life 
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